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INTRODUCTION. 



The geological survey of the desert surrounding the Fayllm was commenced in 
October 1898. At that time the area, although so near to Cairo, was little known ; the Rohlfs 
Expedition maps marked the region as " unexplored," and in fact with the exception of a 
publication by Schweinfurth, who had traversed the region from north to south, via Qasr el 
Sagha and Gar el Gehannem to Ra}'an, there was little information obtainable. The area 
being of considerable size (12,000 sq. kilom.) and almost unexplored, both geologically 
and topographically, the primary object was to construct as rapidly as possible a general 
map of the depression, at the same time laying down in broad outline the chief geological 
formations and trusting to future opportunity to examine in more detail places of special 
interest. 

Commencing work at SSla, on the eastern side of the depression, the surve}' was carried 
northwards along the east side of the cultivated lands and thence through the northern 
desert, vip to the summit of the depression. After mapping westwards as far as the isolated 
hill-mass of Gar el Gehannem the work Avas temporarily suspended until, in the spring, 
the narrow defile of Wadi Muela, and the Wadi Rayan, forming the southern part of the 
Fayum depression, were provisionally examined. 

In January 1901, samples of soil and water from the cultivated lands were collected 
as an experimental soil-survey, and the results have been published.' 

During the winter's work of 1902-03 a traverse was carried from Gar el Gehannem 
in a south-west direction through a hitherto unexplored part of the depression. On reaching 
a point midway between Cairo and the oasis of Baharia a connection was made eastwards 
to Wadi Rayan. In the winter of 1903-04 further exploration was carried out in the 
neighbourhood of Gar el Gehannem. 

It will be convenient here to briefly relate the history of the discovery of the remarkable 
series of new and extinct animal forms, the recovery of which from the Fayum deposits 
has created such widespread interest in the zoological world. When Schweinfurth crossed 
the region in 1879 he obtained fossil bones, which were examined and determined by Dames 
to be the remains of cetacea of the genus Zeuglodon^ from certain beds of the escarpment 
Avest of Qasr el Sagha; these, it is believed, Avere the earliest vertebrate remains obtained 
from the Fayum. During the early part of the survey of the district, remains of fish and 
crocodiles were frequently found in one of the beds of the Middle Eocene, probably on the 
same horizon as that from Avhich Schweinfurth had collected. Fragments of bone were 
also commonly met with on a much higher horizon (/.e., near the base of the Fluvio- 
marine series) but nothing of particular interest was obtained, as no detailed search could 

' A. Lucas, a preliminary inrestigation of the Soil and Water of the Fayum Province; Survey Dep.. P.W.M. Cairo, 1902. 

2 
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be made at that time. Li April 1!)01, during the survey of the western end of the Birket <-l 
Qiirun, some of the localities found to be bcjne-beariiig in 1S!),S were re-visited in (•om])any 
with Dr. (J.W. Andrews, who was in Egyi)t at tlie time and had accompanied the survey in 
order to obfcxin specimens of jackals, hares, etc., for the British Museum, in coiniection 
with the forthcoming work on Egyptian mammals. In one of these Dr. Andrews picked 
up several vertebrae which turned out to belong to a new species of Pterosphenus. 

Further north, when descending the Middle Eocene escarpments at a ])lacc not 
previously examined, we crossed the outcrop o£ the bone-beds at a point where a considerable 
number of mammalian and re))tilian bones lay exposed on the surface, many in an 
excellent state of preservation. The importance of the find was evident, and a short 
examination of the matei'ial on the spot enabled Dr. Andrews to pronounce the discovery 
to be of the highest imjiortance from a palaeontological point of view. 

Some three weeks' work in the immediate neighbourhood resulted in a \-ery good 
collection of \ertebrates from the ^liddle Eocene beds, including several new genera 
afterwards described' under the names of Eosircn^ Barytherium, Mn'ritheriuni, (rli/dntophis, 
etc. Moreover, a fo>sii tooth brought in by one of the camelmen from a point several 
kilometres to the nortli led to a careful examination of the lower beds of the overlying 
Upper Eocene formation, which resulted in obtaining well-preser\ed remains belonging 
to a new genus, since described as Falaeomastodon. All the material so far obtained was 
taken home to be worked up and determined at the British Museum and a preliminary 
description \\-:is publislied l)y Dr. An(h-ews in the Geological Magazine. 

In the winter of 1901 -():i the sur^'ey of the Fayum was resumed with th(.' special 
intention of following up the highest beds, those in which Paldeoniastddon had been found. 
Continued search westwards eventuallv led to the discover \- of the remains iif a large and 
remarkable horned ungukue {Ars/noitherium), a preliminary notice^ of whicLwas published 
in the spring of 1'.MI2. Shcjrtly after, the remains of several new smaller manunals and 
reptiles (Phinm/a, Sot/JiafJier/i/ni), including the shell of a large land tortoise (^Te.'^tudn 
Amnion), were (ibtained "'. Further work in the winters of 19(12-03-04: led to a great deal 
more material lieiiig obtained'', mostly of coLU'se belonging to the same species, but 
including some new genera ( icninltijiiR, Mi'ijaldJiipitx, Pterodon. 

The aiiuauit of ])alaeoiitological material is now so large that the Egvptian (Tovernment 
has arranged with the Trustees of the British ■\luseum for the publication of the whole in a 
monograph to l)i' issued by the Trustees. The present report, therefore, deals onlv with 
the geology and trijiogrnphy of the district. 

' AXDHEWS, Kitiiirt \'<-rlrl,i;il,:-, from Kq ij [it . I'arts I and II. (it-ul. Ma;;. N. S. line IV. Vol. VIIF. Srpt. and O.t. 
I'.iDl. pp. 400-409 and 43(i-444. 

-BEADNELr>. .1 I'l-cVimiiunii ^iili' oil Arxinijit/ieriiiiii Xi/trli. llciiilii. Siiivfv Dipt. P. W. if.. Cairo. l'.)02. Sir also ,1 
\rir Jiiiiiptiiiii Miniinial (Arsiiiuiflirrii/m') fnnii tlir Fiiyiliii. Orol. Mag. X. S. ])i'c-. IV. Vol. X. Dn-. I'.MIB. pp. ,"i2',)-.")S2. 

•'Akdrews and ]U;Ar>SEr,L. A J'rrlhiiiiiiinj ynfe iiii Siniir .Wvr AUniiiiiiiU fi-inn tlir J'ppcr Jutreiir iif Ju/i/pt. Snrv>'\" 
n.-pt. P. W. M., ("'ail-. I, 1 1102. 

^Andrews, A»^'-< o/i an A'.rjmlilinn to the i'mji'im, Eijijj)t, lo'dli JJesn-ipiiun of xuiiic j\>-m' Mmnnmls. (IkoI. .Ma;;. N. S. 
Dec-. IV, Vol. X. Aug. I'.inS. pp. :W7-34:t. Also Further A'.i/'r.v on the A/iimiinils of the Koeeiir of Eiji/pt (Parts I. II. III). 
(i.-ol. Ma-. N'. S. Dor. V. Vol. ], Marili. April. May 1904. 



PART 1. 
TOPOGRAPHY AND STRUCTURAL GEOLOGY. 



The FayAm, a large circular depression in the Libyan Desert, is situated immediatel}' 
west of that part of the Nile Valley lying between Kafr el Ayat and Feshn (Plate X\'II.) 
The depression, which has an area, roughly speaking, of 12,000 square kilometres, is 
primarily divisible into three distinct parts — cultivated land, lake, and desert. 

Section I.— CULTIVATED LAND. 

The cultivated land has an area of about 1,800 square kilometres and, with the exception 
of the lake and part of the Wadi Rayan, occupies the lowest part of the depression. Culti- 
vation is necessarily strictly limited to the area covered with alluvial soil. The latter, for 
the most part identical in origin and composition with the river-alluvium of the Nile Valley, 
covers a leaf-shaped tract between the bounding desert on the east side and the lake (tlie 
Birket el Qurun) on the north-west. The easterl}' and central part of the cultivated area 
forms a more or less level table-land, from which the ground slopes gently away, especiall}' 
on the north .side, where the slope is towards the lake and very marked. The cultivated 
land of the Fayum is directly connected with that of the Nile A^ille}' by a narrow strip of 
low ground, a natural passag^e through the desert separating the Nile N'alley and the 
depression of the Fayum. Through this gap runs the natural canal known as the Bahr 
Yusef, which is practically the sole source of water in the Fayum and irrigates the entire 
district. 

The canal leaves the Nile A^alley at Lahun (Plate II), and follows a somewhat serpentine 
course through the desert for about 5 kilometres, irrigating a narrow strij) of land on either 
side, which at Hawara rapidly broadens out into the wide cultivated area of the Fayum. 
Once within the latter, the Bahr Yusef gives off numerous subsidiary canals which tra\'erse 
the country in all directions, e(;ustantly splitting uj) into smaller branches until the 
water-supply is divided throughout the whole area. With the exception of the self- 
contained basin of Gharaq, on the south side of the Fayum, the entire district drains into the 
Birket el Qurun, which occupies the lowest part of the depression, to the north of the 
cultivation. The basin of Grharaq is irrigated by the Bahr el Ghara([. a canal which takes 
off from the Bahr Yusef soon after the latter enters the Fayum \ 

' For fuller details of the cultivated lands, w;it«i--supijly. ett-.. of tln' Fayum, the iviidfi- is r.'ffrnMl tn tlm fxri'lle-nt df.-n rip- 
tiou by Sir Hanhury Brown in his work Thf Fiiiiinii ami Lnl'C Moerh. London, 1892. 
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The cultivated land of the Fayum is traversed })}• two inaiu ravines, cut down in many 
places to the Eocene limestoiic below the alluvium (Plates III and V.) At the present time 
these ravines carry canals for irrigating the lower parts of the district, and also act largely 
as drains to the higher lands. They were probably initiated by the escape of water through 
breaches in the Bahr Yusef during flood time, and have since been deepened to their i)resent 
dimensions. 

In addition to the main central cultivated area, the soil of which, as mentioned above, 
is essentially identical with that of the Nile '\'^alley, large tracts of the surrounding country, 
more especialh' on the north, north-west, and west sides, are also covered with alluvial 
deposits. These latter, which include sands, sandy clays, and clays of a quite distinct type, 
represent the slowly formed accumulations of the quieter and more remote parts of the 
ancient Lake Moeris (and the earlier prehistoric lake). The material was mostly derived 
from the Eocene strata which formed the shores of the lake, augmented no doubt by a certain 
amount of very fine sediment drifted from the Bahr Yusef, and by sand blown in by wind. 

It is noticeable that the thickest and most sandy deposits occur near the borders of the 
lake site ; when close under the Eocene cliffs, as along the north side above the Birket el 
(^urun, the deposits closely resemble those of the latter. The finer more calcareous beds 
occur further out and the true marls were accumulated only at some distance from the shores 
of the lake. 

When in Ptolemaic times the lake became reduced to a fraction of its former size, large 
areas covered by these lacustrine clays were exposed and some portions were brought under 
cultivation. Subsequently, however, all these outlying districts were abandoned and became 
absorbed by the surrounding desert, until in modern times the cultivation was restricted to 
the central portion of the old lake bed, a portion almost identical with the area over which 
true "Nile Mud" had been deposited. 

The construction during recent years of extensive irrigation works in the Nile Valley 
has made it possible to largely augment the water-supply of the Bahr Yusef to the Fayum. 
High level canals are being cut in various parts of the district and already large areas of 
desert covered by these lacustrine deposits have been brought under cultivation, notably to 
the north of Tamia and in the neighbourhood of Qasr Quriln. The approximate area 
covered with lacustrine deposits can be seen on the map and with a sufficiency of water 
probably the greater part of this area could be utilized, though the exact value of the 
soil compared with Nile deposit remains to be determined. 

Section II.— THE BIRKET EL QURUN. 

The lowest part of the depression, lying immediately to the north-west of the cultiva- 
tifjii, is occupied by a, sheet of Avater of considerable size, known as the Birket el Qurun.^ 

''•The Lake of the HoriiK," s.j called from the narrow horn-like iircimontories which jut out "into the lake on the 
north siile. Views of the lake are shown in PlateB I, IV, XVI. 
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The lake, which has a length of 40 kilometres, and a maximum breadth under ten, covers 
at the present time an area of about 225 square kilometres. Sir Hanbury Brown obtained 
no sounding exceeding 5 metres in crossing the lake to Dime, but according to the 
fishermen the depth increases towards the south-west. 

Its long axis lies nearly east and west, and while on the north it is entirely^ bordered 
by desert, along a large part of the south side the cultivated land approaches its shore, 
although even here a large area actually bordering the lake is waste salty land as yet unfit 
for cultivation. As already mentioned, with the exception of the Gharaq basin, the lake 
receives the whole drainage from the cultivated lands. 

The Birket el Qurun is the existing remnant of the ancient prehistoric lake which 
covered a large part of the floor of the Fayiim depression, and which in historic times 
was converted into an artificial!}' controlled sheet of water — the celebrated Moeris — by 
Amenemhat I and his successors in the XII Dynasty. 

Lake Moeris, being used as a regulator of excessively high and low Nile floods,^ was 
of the greatest importance in connection with the irrigation of the Nile ^"alley. In more 
recent times, apparently under the Persians or Ptolemies according to Flinders Petrie,^ Lake 
Moeris ceased to perform its function of regulator; since that time all water, except that 
required for irrigation of the reclaimed land, being carefully excluded, the surface of 
the lake has continually and gradually sunk to its modern dimensions.* 

Lacustrine deposits, showing approximately the actual limits of the ancient Fayum lake, 
can be traced over wide areas of now barren desert ; these will be more fully dealt with later. 
The present lake-level is still continually sinking owing to an improved system of irrigation, 
by which a constantly decreasing amount of waste water drains into the lake. Its average 
annual fall has, during the last decade, been nearly half a metre,^ and the slope of the 
land being very gradual, large areas have been reclaimed during the last few years, though 
whether the advantages derived from this constant lowering of the lake are not more than 
balanced by certain drawbacks is somewhat doubtful.* 

With the new areas now being brought under cultivation the amount of drainage 
water finding its way into the lake will increase and the fall be checked. At the beginning 
of 1904 the level was markedly higher than in the previous winter, and a difference of 
even half a metre alters the shore line to a considerable extent, oyving to the flatness of the 
land by which the lake is for the most part bounded. 

Although under the present desert conditions practically no material from the surround- 
ing desert is washed into the lake, doubtless a considerable amount of fine dust and sand is 
carried into it by the wind, especially during the violent sandstorms which occur frequently 

' This was the case until a year or two ago. At the present time a limited amount of freshwater finds its way to tlie 
area immediately north of the east end of the lake and small plots are cultivated by the arabs. 

^Herodotus, Book II; Strabo, Book XVII; a,aA Dwdorus Siculus, Book I, Chap. LI. (See Brown op. cit. p. 19-22.) 

3 " Hawara, Biahiim and Arsince," 1889. 

* Brown, op. cit. p. 95. As mentioned above in some areas the cultivated land was formerly even more extensive than at 
present, notably near the modern villages of Roda, Tamia, etc. 

5 For details of evaporation and level-records of the lake, see Brown, op. cit. pp. 6-9, and P.W.M. annual reports. 

6See WiLLCOCKS' Egyptian Irrigation, 2nd edition, lyondon, 1899. 
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in the local it}-. The high cliffs which bound the northern shore of the lake throughout a portion 
of its length probably have the effect of checking the velocity of both north and south winds, 
thus causing a considerable amount of sand, which would otherwise be carried across, 
to be dropped on its surface. This material, together with the fine mud brought down 
by the canals on the cultivatimi sides, must have an a])preciable effect in raising the level 
of the bed of the lake. 

The ])henomenon of the extraordinary freshness of the water of the Birket el Quriin 
has been commented on by Schweinf urth, who shows that the degree of concentration of salt 
in a lake wliose volume has been continually reduced, and to which salt has constantly 
been added, should be many times greater than the actual existing amount. An analysis' 
t)f the water at the west end of the lake (where the concentration is greatest, owing to the 
•listancc from the feeder canals) showed that the total salts amounted to only l'84^,of 



which 0'1I!2^ was sodium chloride. Dr. Schweinfufth'' concludes that the lake has u 
subterranean outlet, which alone would enable it to maintain its comparative freshness.' 
In this connection it is interesting to note the existence of distinct currents, which may 
possibly be caused Ijy such outlets, in certain localities on the north side of the lake ; and 
it is just ])0ssible that a cai-eful siir\c}- of the lake itself would not only prove the existence, 
but show the exact ])Osition, of such underground outlets. 

^lost probabl V, however, the currents are simply local movements produced by tempo- 
rary differences of level, which might conceivably be caused in such a large and compara- 
tively shallow sheet of Avater, Aarying considerably in salinity in different localities, b}' 
wind and evaporation. 

The comparative freshness of the lake and the ])ossible presence of underground outlets 
are of the highest importance in their bearing directly on two of the most important 
([uestions in connection with the proposed utilization of the ^^'adi Rayan as a reservoir, i.e. 
what the leakage from >uch a reserxoir would be and to what degree of salinit\- its water 
Avould attain. 

Section III.— THE SURROUNDIN(i DESERT REGION. 

With the exception of the lake and the cultivated area the depression is practically 
entirely desei-t. The southern and south-western parts include the wadies Kayan and Muela, 
where freshwater springs occur, surrounded by areas covered by a good deal of wild scrub. 
Apart from these, however, no s])rings occur outside the cultivated land. 

The topography of the region is so intimately connected with its geological structure 
that an adequate description of the former is not possible without constant reference to the 
latter. Full geological details Avill, however, I)e respr\'eil for later consideration. 

1 S... .1 l'r,runn,unj Inn'st,rj„tn.„ of the So, I a,ul Water of the /■«;/»», Pronooe. l,v A. LuCAS. Survv Depart i.t 

Cniro. 11H« 

2 Sr,. A|,|,r,„lix ([. J yoto I,,, hr. Sehweinfnih o» tl,e Salt in the Wad; Uaijan. in WiUrorks' ligunfian h-nqathui, 

p|i. 4<lll-4l'i;"). 

3 Tlie word ^-freshness" is iise.l<'n„ip:,niti%rly. as the un.i.unt „f suit is siiftiri,.|,t tn niiike the ^^-^io^■ unpahitiililf or iiiiHt 
fur dri.ikiiig, .-xrppt near the feeder nnials. It is, lio,vever. quite f;.""l ei,nu«h f„r most cnlinarv purposes, iind can.els will 
n-uull> drink from it. although it is n.,t udvis.d.le to water tiie latter from tin- hike either before" or after a fatijruiufr desiMt 
inari-h. as in sueii eases the salinit\ of tlie water mav have bad eftel■t^. 
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The part o£ the Libyan Desert dealt with in this report has, excluding the cultivated a i.:i ami Limits 
land and the lake, an area of some ten thousand square kilometres. While some portions 
have been examined and mapped in detail, others are still very imperfectly known, especially 
on the south and south-west sides. The irregular cliff -line forming the southern boundary 
of Rayan and the adjacent wadis may be taken as our limit in this direction, beyond Ij'ing 
an almost unbroken limestone plateau rising gradually and continually to the south. On 
the north and north-west the area under descriptioii is bounded by the southern limit of 
the great undulating high-lying gravelly desert-plateau which stretches with little change 
of character to the Mediterranean. On the east side the Nile Valley forms a convenient 
though not altogether natural boundary; while to the south-west our limit practically 
coincides with the boundary of the depression, where the floor of the latter insensibly 
merges into the general desert plateau. 



The rocks forming the area within the above limits are almost entirely of sedimentary '■"• i<- ioTuAng 
origin, the exception being a band of hard basalt intercalated at the very top of the series 
and exposed only on the extreme northernmost limit of the depression. The total thick- 
ness of sediments, from the lowest beds exposed in the bottom of the Wadi Rayan to the 
summit of the escarpments, a day's march north of Tamia, is some 700 metres. These 
beds include every kind of sedimentary deposit — limestones, marls, clays, sandstones, sands 
and gravels, forming an ever-changing succession of rocks, varying considerably in hard- 
ness and capacity for withstanding the agents of denudation. It is not too much to say that 
the coming into existence of the Fayiim, with its plains, lowlying depressions, precipitous 
cliffs and escarpments, was largely dependent on the existence of this variable series of 
deposits. 

Apart from the presence of sediments varying greatly in hardness and durability, the 
fact that the whole of the rocks have an almost constant northerly dip of two or three 
degrees is a point of prime importance. So small a dip ina\' be scarcelj' noticeable in any 
one place, but over the large areas with which we have to deal its influence on the position 
and level of any individual bed is very marked and the topography of the region w(juld 
have been essentially different if the strata had been quite horizontal. 

The unique character of the Fayum is alone suflficient to show that special causes have Onsin of tiie 
acted in its production. Two main causes stand out: — (1) the presence of thick bands 
of comparatively soft arenaceous and argillaceous strata breaking up the usually continuous 
hard limestone of the Middle Eocene; (2) the effect of the Nile Valley fault in lowering the 
whole of the western desert (north of Assiut) relatively to the eastern. The former took 
place as the result of changed geographical conditions on the continent to the south at the 
time in question, with which however we need not deal here. On a homogeneous mass of rock 
weathering has little power to form depressions of any magnitude, and this is the cause of 
the continuous unbroken plateau which stretches southwards from the Fayum, the under- 
lying rocks being one continuous thick mass of hard limestone. Wherever softer intercalations 
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are present difPerential weathering takes place, and all the great depressions o£ the Libyan 
desert owe their origin to the presence of soft easily denuded strata ; if the great 
homogeneous mass of Nile Valley limestone had stretched unchanged westwards, the oases of 
Faraf ra and Baharia would never have existed. They owe their origin entirely to the presence 
of the underlying saddle of softer Cretaceous rocks. Similarly if changed conditions had not 
led to the deposition of soft beds of clay, marl, and sandstone, the western plateau would 
have continued unbroken northwards. 

A comparison of the two sides of the Nile Valley between Cairo and Assiut shows that 
the tectonic movements, which largely determined the existence of the valley itself, resulted 
in a considerable lowering of the rocks forming the western side. This was brought about 
by differential movements along the north and south line or lines of fault, and by the 
presence of an east to west monoclinal fold which is especialh' well marked in the neighbour- 
hood of Heluan. The depressions of the Fayum would doubtless have existed irrespecti\'e 
of this general lowering of the western desert relative to the east, but denudation would 
have required an additional period of many thousands of years before the floor of the 
depression was low enough to allow of its actual connection with the Nile river. 

As it has been maintained that the Fayum is an area let down and enclosed by faults, 
it may be mentioned here that all available evidence points in an opposite direction ; this 
cjuestion of faults will however be dealt with in detail later. The influence of the Nile 
A'alley fault has been explained above and it must be remembered it is one affecting not the 
Fayum alone but the northern part of the western desert as a whole. 

For purposes of description it will be convenient to divide the whole region into three 
parts : first, the southern portion, including the wadis Muela and Rayan ; secondly, the central 
area, comprising the extensive plain forming the floor of the depression as a whole, and 
including the areas under cultivation and the Birket el Quriin, as well as the desert separat- 
ing the Fayum from the Nile Valle}'. Thirdly, the northern portion, embracing all the 
rising ground between the floor and the northern rim of the region. These areas will now 
be taken in order. 

Section IV.— WADI RAYAN AND NEIGHBOURHOOD. 

This part of the Fayum is of special interest in consequence of its possible future as a 
reservoir. Although the area has not yet been examined in <letail by the (ieological Survey 
it will be useful to bring together all the information that is at present available. 

<'..ioiiei WcstFi-u's In 1882, as a counter-project to other irrigation schemes. Cope Whitehouse suggested' 

' ""''■^' utilising as a reservoir the Wadi Kayan, a depression which had been referred to by Linant 

de Bellefonds. " At the request of Sir Colin Scott Moncrieff the Government deputed 

Cf)lonel Western to make plans of the Wadi Rayan and surroundiug country and to ascertain 

■'■Bull, of the American Geographical Society. IHX'2, pp. 22 and 24." 
'' JJeiiinire.1 siir les traeav-r jmilics eii li^gi/j/fe, Paris, 1873, ]>]>. 53, 54. 
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the capacity of the depression and its capabiUty of being used as a reservoir. Liernur Bey under 
his direction prepared a contoured map, and Colonel Western's report, plans, and estimates 
were published. ^ Some general details of the wadi and surrounding hills are given and the 
detailed survey showed that the 30 metre contour line (above sea-level) enclosed an area of 
706 square kilometres (170,000 feddans). The lowest points of the depression were foundat 
42 metres below sea-level. The sand, scrub and springs are briefly referred to and the discharge 
of the latter is given as equal to that of a very slow-going four inch hand pipe, the water running 
out at about + 20 m. and disappearing in the sand. Wadi Muela was found to be separated 
from the Rayan depression by sandhills and rock at a mean level of -I- .50 metres, the lowest 
point in Muela being at-i- 25 metres. A line of levels was run from Rayan through Muela 
to the Nile A'alley, the highest point crossed being at -f- 105 metres; for fifteen kilometres the 
level was not below -l- 7 ."> metres. In order to find the most suitable passage for a canal to connect 
the Xile with the Wadi Rayan two lines of level were made after a reconnaissance of the 
hills near Sidmant el Jebel : the southern, from Ezba Menesi Ali, near the Grharaq canal, 
to Mazana on the Bahr Yusef, being considered the best. Along this line the highest point 
was only at-l--44"7 metres and the average -f- 35 metres along four kilometres. Borings 
were not made here but judging from the surface excavation would be mostly in soft 
limestone, sand, and conglomerate. A much shorter route is from Deshasleh on the Bahr 
Yusef over the hills about 5 kilometres to the south of Mazana or Sidmant into the Wadi 
Gharaq, a distance of 30 kilometres. This route was not however levelled but is fairly 
straight and apparently not much higher than the Mazana passage. 

The survey of the + 30 metre contour line of the AAadi Rayan proved that there were 
only two outlets into the Fayiim, both on the northern side : these two openings are only 
from 400 — 500 metres wide and their lowest points are not below -f- 25 or -I- 26 metres. 

In 1889 Sir C. Scott Moncrieff published^ a further note, in which he briefly discussed Liit'-i linxcinment 

^ •' Publications by 

the probable cost and benefits to be derived from the suggested reservoir, concluding that ^''"^\}^!!^^'''t'^ 
at least the project was one worthy of being thoroughly examined. 

In 1894 the plans and designs in connection with the Wadi Rayan were published' 
and the possibility of utilizing the Wadi Rayan was examined by Sir William Willcocks, then 
Director General of Reservoirs, from an engineering point of view, and the questions of 
its probable cost and future utility were discussed. In this report it is stated that the 
routes proposed by Colonel Western in 1888 pass through salty marls and clays unsuitable 
for holding canals. Another route is suggested, which after leaving the Nile A alley crosses 
the high desert ridge in a straight line, passing through the so-called Wadi Liernur (Wadi 
Lulu of Cope Whitehouse) ; this depression is 12 kilometres long and has its bed some 
24 metres below the general level of the desert. Plate 15 of the report shows the Wadi 
Rayan, the deserts between it and the Nile A' alley and the cultivated land. The map was 

' G. A. LiEENUB, Col. Western and Col. Sir C. C. Scott Moncrieff, k. c. m. g. Xofes on the Wadi Ruyan, Cairo, iss.^. 
' Sote on the Wadi Rayan Project, Cairo, 1889. 

' Perennial Irrigation and Flood Protection in Egypt, hy W. WiLLCOCKS, M.I.C.E. Dir. Gen. of Ki-servoiis. with A Note hj- 
W. E. Garstin, Under Secretary of State, P.W.M., Cairo, 1894. 
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begun by Col. Western and ((juipleted by Willcocks. The lowest point o£ Wadi Rayau is 
shown as -42 metres and the depression is separated from the Fayum by a limestone rid-ze 
generally from + ?A to + 60 metres, except at two pbaes where it falls to + 2(i metres above 
sea level on a length of 600 metres. Within the + 27 metre contour line the wadi has an 
area of 673 square kilometres and a capacity of 18,743,000,000 cubic metres. Between it 
and the Nile A^alley lie 30 kilometres of desert, of which 11 are occupied by a marked 
depression discovered b}- Liernur Bey in 18X7. At the extreme western edge of the Nile 
\'alley (here :^0 kilometres wide) runs the Bahr Yusef. Comparing the proposed Wadi 
Rayan reservoir and the ancient ALeris and allowing for a difference of 4-.5 metres between 
the levels of the Nile N'alley in B. ('. i,000 and to-day, Willcocks assumes that the high 
water mark of Lake Md'ris was at + 2:2-.") metres and its area 2,500 square kilometres, against 
673 square kilometres of the Wadi Rayan at + 27 metres. It is pointed out that the ancient 
lake had the great advantage that in those da\s the Bahr Yusef was an important brancii 
of the Nile, if not the main river itself, and the reservoir was connected with the Nile by 
a natural ravine of great Icaia'th and short breadth, across which a mas>ive embankment 
was thrown and destroyed annuallv, the surplus water of high floods being stored for the 
deficiency of low floods. 

The published sections along the lines of borings put down show the different strata 
cut through by the proposed canal. The Nile \ alley, along the line of the inlet canal, 
consists of liard clay 6 to 10 metres thick, hing on coarse sand. Along the outlet canal 
sandv clays and clays alternate to a depth of 10 metres. On entering the desert sands and 
sandy conglomerate, with gypsum and salt, are met with below the surface, then a yellow 
marl with salts, and finalh' a plastic black clav overlying the Parisian limestone. These beds 
are most extensive in the narrow neck of land between the Nile Vallev and the Fayimi 
and t(_) some 10 kilometres to the south (jf it. They rise to + 70 metres. There are sohk; 
other marls inside the \\a<\[ liavan or in the adjacent depressions and ns the\' liave to be 
traversed by the canals form a serious factor, being easily dissolved in water; in conse- 
quence Willcocks chose the ahgnment of the inlet canal along the Bahr Belama where the 
extent of these beds would only be 2'.") kilometres against I) kilometres on the alternative 
route marked on the plan. A narrow neck of land, some 15 kilometres in length, runs 
between the Fayum and the depi'essi()n> traversed by the proposed Wadi Rayan canal ; 
this neck is the continuation of the salty marls and claj-s, but the limest(jne is near the 
sm-face and is o\'erlain hy a thin deposit of sand and peVjbles, with freshwater shells on it> 
northern slope at + 'J'2-')U metres ; the southern slope is entirely devoid of them. Willcocks 
points out that it is evident the ancient Moeris rose to + 22'50 metres but its water never 
penetrated into the Wadi Mayan. The report goes into details of inlet and outlet canals, 
discharge, necessai-y mas(jnry w(_)rks, ccot, and C(jnq>ares the different reservoir schemes. 

After a careful review of the whole (|uestion, the scheme, while considei-ed perfectly 
feasible as far as availaljle data went, was abandoned l»y Sir William Garstin' in favour of 
the less costly and more useful Nubian reservoir. 

' TI)L' engineeriiiK lil■t:ul^ of tlic Wndi KavMii rebervoir pivji'c-t li;ive since lieeii mure fully rti.-;.u^>e.l liy sir William Hai-tiii 
in liis "Jli'jinrt on the llnsiii cf the I'jijin- MI,'" C-jirn. (pp. O-il Appendix I). 
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In ail appendix ^ to the above report SchweinEurth discusses the question as to how Sciiweinfuith's 

, PI -111 TT ■ 1 • report on thi- 

salt the water or such a reservoir would become. He points out that the exact valuation prohiibifssait- 

.,.,. ., ii- c content in Wiidi 

or the salt which would be contained m this reservoir when the water had risen to + 27 metres K;iynii R.-sfrvoh. 

cannot be accurately determined, owing to the absence of information on certain points. 

The maximum quantity of salt in the desert soil is estimated at S^/^ and this figure is used 

in his calculation, which includes the amount of salt which would be brought into the 

reservoir, (1) from the Nile during filling and in the extra water entering to replace that 

lost by evaporation in the lake and canals; (2) from the ground forming the bed of the 

lake (far the largest item); (3) from the bed and banks of the inlet canal, both in the 

desert and in the Nile Valley; and (4) from infiltration. The figure obtained' is 7,500 

million kilogrammes, equal to 0'04 per cent, or almost one twenty-fifth per cent of salt. 

This amount is only equivalent to half the salt existing in many of the well waters used in 

the country for irrigation. As Schweinfurth is careful to point out his calculation is based 

on maximum and assumed data. 



The question of the utilisation of the Wadi Rayan as a reservoir lias recently been wiUcuc k, 
again brousrht to the front, notabh' by Sir William AVillcocks in a ijaper" read before the Ueservoir an.i 
Khedivial Geographical Society, Cairo. The author, after pointing out the \'alue of such a 
lake, working in connection with the Assuan reservoir, discusses at length the position, 
dimensions, and functions of the ancient Lake Moeris. It is suggested that the main canal 
should be cut through the desert opposite Mazana and crossing the so-called wadis Liernur 
and Masaigega enter the Wadi Rayan at its easternmost point. Tliesc wadis would in 
time become covered with alluvium and be converted into valuable culti\'ated land. After 
examining the big ravines of the Fayum, where similar beds are exposed, the author comes 
to the conclusion that the maintenance of canals in the saliferoiis marls, which form part 
of the desert through which the inlet canal would pass, would offer no particular difficulties. 

With regard to the questions of leakage into the Fayum and of the water of the lake 
eventually becoming salted. Sir William Willcocks sa}s, " When the old Lake Moeris, or 
the present Faj'iim, was full of water and 63 metres higher than the bottom of the Wadi 
Rayan and remained so for thousands of years, there was no question of the waters having 
become salted or having escaped into the Wadi. The Wadi was as dry as it is to-day and 
the great inland sea was always fresh." As to the question of leakage into Gharaq the 
author considers that if water found its way into that depression it would be a distinct 
advantage, as such water could be pumped into the Nezleh canal and utilized elsewhere; 
he maintains at the same time that no leakage will take place. Incidentally it is mentioned 
that the Wadi Rayan is separated from the Fayum by a limestone ridge, a statement which, 
as will be shown later, requires modification. 

Until a detailed geological examination of the AVadi Rayan and neighbourhood has wadi H;n^iM imt 
been carried out it will not be possible to form reliable opinions on many of the questions detaifhy'the '" 
raised in connection with the prospective reservoir. The writer's acquaintance with the area otVgyy^t. ' '"" '^ 

' A Note by Dr. SCHWBINPUETH on the Salt in tlin Wadi Raj'an: an appendix to Percnn'iul rrfii/,if'iiiii. rtr. 
- T/ie Asmiaii Rcnevroii- and LaliP Moprin. London, IWH. 
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is limited to a traverse in 1899 from the Nile Valley through Wadi Muela to Rayaii and 
thence to(iharaq, and sii))sei|aently to a stay o£ a few days duration in the neighbourhood 
of the Ra)an springs, after mapping the extreme south-west of the Fayum depression. 
While the accompanying maps may be taken as representing fairly accurately the bolder 
topography of the region, they do not replace the older contoured maps of the floor of the 
depression and the country between it and the Nile Valley to the east, accompanying the 
report on " Perennial Irrigation and Flood Protection in Egypt." 

The following description of this part of the district is based on a traverse from the 
Nile Valley through the wadis 'Slueh and Rayan to Gharaq ; the detailed geological sections 
measured and examined along the line of route will be given later. 



Tiav.is.ifroiiiNiie Between the village of El Gayat and the mouth of the Wadi Muela (16 kdometres to 

AV:i(li' Jluela t,> 
Rnyan nnilGhnrni|. 



AVa.ii' jiueia'tn the nortli-wcst) stretches a gradually rising undulating gj'pseous plain, superficially covered 



s 



with loose sand and rounded pebbles of quartz and flint. In occasional small hills the white 
limestone which forms the underlying rock is visible. Near the entrance to the wadi stand; 
a somewhat prominent conical hill composed of hard whitish fossiliferous limestone passing 
down into more sandy and clayey beds. The bottom of the ^vadi is cut out in soft green and 
brown clays, its surface being covered with blown sand, fragments of limestone, flints and 
g}'psum. From the mouth of the wadi the Nile N'alley cliffs run north and south in a 
winding irregular manner. On entering the valley several outstanding fiat-topped limestone 
capped hills are passed on the right hand ; they are in part joined to the regular bounding 
cliff' be\'ond ; the eastern cliff is steep and well-marked, while that on the west only outcrops 
here and there, buried as it is in immense accumulations of blown sand, rising in places into 
definite clune-ridges. Wadi Muela has a length of some IS kilometres and lies nearly N.W. 
and S.E. The central part of its floor is a sandy scrub-covered area, the lowest points Iving 
at about -h :2.") metres; just at the southern edge of the scrub stands a small hill composed of 
hard shal\- ehi} s capped by white limestone, surrounded h\ a saline, superficially dry. Holes 
dug in this are at once filled Avith excessively salt water, and Ijy evaporation of the brine 
in shallow troughs su2ij)lies of white fairly pure salt can be obtained. The area is known as 
w'aishiit el Ji^ih Warshat el Melh. Banks of reeds Avere found growing on the north side of the saline, the 
surface of the latter being here composed of a s(jft broAvn sandy salty deposit, caking here 
and there into a hard earthy impure salt. 

In the lowest spots the saline frequently consists of soft Avet sludge; its area is about 
half a square kilometre but the depth of the deposit is unknown. In the middle of the 
scrub-covered area to the north lies Ain Warshat el ]\Ielh, a pool of Avater, fairly fresh 
and drinkable, although ferruginous, measuring 10 by 5 metres in size and from 2 to 2| 
metres deep. The AA^ater evidently rises from a spring on the west side, round Avhich 
are fifty square metres of green rushes, Avith some larger bushes. The ground around 
and above is very saliferous ; betAA^een the spring and the ruins to the north the 
ground is sandy, Avith many bushes and much scrub. This ground extends two kilometres 
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to the west, whence it gradually passes up into great masses of drift sand ; an occasional 
small outcrop of the top of the plateau above the sand is all that serves to locate the 
position of the buried cliff. On the east side the sandy ground with scrub extends 
about a kilometre, beyond which the plain gradually rises for another kilometre to the base 
of the cliff beyond, which is fairly steep and well-marked, though with an entire absence 
of indentations of any kind. 

Close to the north end of the valley, and about 33 kilometres from El Gayat, Der ei Giiiamun. 
lie the ruins known as Der el Galamun bil Mu^la, At the time of our visit a 
new square stone building was in course of erection and five or si± persons were 
inhabiting the place. There are several small palms scattered about to the south of 
the monastery and an excellent running spring of clear water five hundred paces to 
the south-west. A new well is being sunk within the premises. To the north of the 
monastery the eastern cliff takes a marked trend to the west for some three kilometres, 
whence it resumes a northerly direction, always maintaining its character of a steep well- 
marked escarpment rising some 100 metres above the floor of the wadi. At the corner of 
the cliffs the lowest bed exposed is a white limestone; this is overlain by gypseous clays 
passing up into sandy beds, the latter being surmounted by the white limestone capping the 
escarpment. 

We are here on the summit of the divide between Wadi Muela and Wadi Rayan, wadi Rayan. 
the height of the floor being about -1-105 metres ; to the north stretches a graduaUy 
widening bay descending to the lowest ground of the Rayan depression. Immense 
accumulations of sand almost block the defile and stretch away to the east, and the 
hitherto well-marked cliff on that side bends back and is lost to view. On the other side 
however, the bounding wall gradually emerges from the dunes, getting more distinct as it 
is followed northwards until it becomes quite clear of the sand. The first glimpse of 
this cliff is seen a couple of kilometres west of the pass in an outcropping headland, the 
next point visible being some five kilometres further west. Between these portions of 
the cliff are one or two outliers, surrounded by quantities of blown sand. A depression 
known as Wadi Korif is reported to lie to the west, and much scrub and some water is said 
to exist there; such a wadi is marked on Schweinfurth's map but apparently has not been 
examined. 

Continuing in a N.N.W. direction high rather steep dunes occur on either flank, 
running N.N.W. and S.S.E. Between the dunes is a fairly hard undulating sand-flat 
affording an easy route ; further on a narrow defile between the dunes leads down to 
the centre of the depression. The main areas occupied by blown sand are shown in the 
accompanying maps. The most interesting part of the depression is the bay lying to the 
south of the narrow well-marked promontory jutting out from the southern plateau, a 
huge pointer, as it were, in the direction of Gharaq ; this is the Cape Rayan of Schwein- 
furth. 



Springs in W;„ii The l)av is (111 three sides completely enclosed by cliffs and its floor is thicklv 
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\ered h\ a luxurious orowth of wild scrub— chiefly tamarisk and ghardag ; numerous 
isolatt^d i^alin trees occur, especially in the neii^hbourhood of the water which exists at 
several points. There are three particularh' good springs/ the positions of which are 
shown on the aciompanying maps. According to Colonel Western's survey the water emerges 
at about + 20 metres. In 1899 tlie water of the northern spring was found to have a tempe- 
rature of i'6°C. On our last visit we found an artificially constructed pool of two metres 
diameter and a depth of 30 centimetres ; on the west side of this were two springs, marked 
It}' the motion of the grey sand rising and falling in the vents, down which a stick could 
lie easily pushed to a depth of two metres. The output of these springs together amounted 
to six litres a minute; the water was quite clear and although soft and rather ferruginous 
not bA" anv means unpalatable (see analyses below). The pool lies on an open bare sandy 
spot and is surrounded by scattered bushes, none of which however are within fifteen 
metres; a sand dune lies l.")0 metres to the south-west, with bushes and seven o)- eight 
voung palms. The southerly spring has an output of 21 litres a minute, and its water does 
not differ essentially from that of the northeni spring. Rising at the foot of a palm tree it 
forms pools on either side ; thence it tl( )\vs a distance of 2( ) metres into an artificially constructed 
shallow basin 2 to 3 metres across, from which it runs away down the slope and disappears 
after five or six metres. The east spring, which is situated on the east side of the dunes 
bounding the mouth of the bay, consists of a small hole cut out in soft sand. The water 
seemed good, although analysis shows the salts content to be high; this spring does not 
run, but if emptied the hole soon refills. The remains of old buildings occur near the well, 
in the shape of loose roughly si|uared limestone blocks, broken pottery, and remains of old 
walls ; the latter are nearlv le^el with the ground and \erv thicklv and solidlv built. 

To the south of the promontory lies the so-called Little Rayan. Here there is a good 
deal of scrub, and water can be obtained on the lowest ground at a few metres depth, 
although there do not appear to be any surface sprhigs. 

The geological succession of beds exposed in the cliffs of the promontory is given 

^ntiinv"^^"^""^ later. Broadly speaking it consists of two thirt}-metre bands of hard limestone 

separated by 68 metres of softer sandy and clayey beds. The lower of the limestone Ijands 

in places forms the floor of the depression but more frequently the latter is composed of 

1 Tlu; folliiwiii;^ analysis ol' the cliirf s|iiiii;;- in tlip Waili Kriyaii, iiiinlr by Mi-. Liicus. Clicuust In tin- Siirvpy Deimrt- 
iin-Mit. ftrf of inttTi'st : — 
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Matt.-r in Solution ;uih-m 

Chlorine calculated as Soiliuui Chloride 278-4 

Sulphur Trioxide calculatf.'il as Sodium Sulphate ..J (l2-^t 

The above figures are parts per UHI.IKKJ parts of -water. 

AltliOiigli the afjovc analyses iirove flie water to be of a \ ei-y poor qiialiti- for ilrinking pnqioses. compared witli many of 

tlie wells and s|irings of the oases, the watei-, -which is quiti- oleaj', seenieil g 1. Except for its softness and somewhat 

ferruginous taste, it is iiuite palatable, and on oiy last visit we used no other for five da\-~. The south spring was found 
to yield 21 litres and the north >i liti'es per ndnnte. Tin- water iif the third -pring does not run. 
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the overlying sandy or clayey beds. The depression is bounded on the north side by the 
same succession, and, as far as could be judged from observations made on the traverse, 
the bed of limestone capping the ridge, and forming the plain stretching away to the 
Birket el Qurun and to Gar el Gehannem, is identical with that capping the cliffs to the 
south, i.e. is the uppermost of the two tbick limestone bands. At the two [points more 
particularly noticed, namely, the spurs projecting southwards into the depression, iJ3 
kilometres west and 18 kilometres W.S.W. of Gharaq basin, the sequence seemed to be the 
same as in the southern cliffs, although, owing to the northerly dip, the upper bed of limestone 
lies at a much lower level and the basal beds are not exposed at all. In both these 
localities, however, some of the underlying clays were exposed, as well as on the lowest 
spots crossed between the most easterly spur (18 kilom. W.S.W. of Gharaq) and the 
extensive dunes lying immediately west of Gharaq cultivation. These dunes, though of 
no height, have remarkably steep sides. In crossing Gharaq to the Fayum cultivation 
occasional beds of yellow sandy limestone were noticed, but their horizon was not 
determined. Numerous bored blocks, probably belonging to the marine Pliocene, were 
observed scattered about. Apparently the uppermost thirty-metre band of limestone passes 
continuously northwards under the cultivated lands of Gharaq and the Fayum; in the 
ravines of the latter this limestone is not observed, the soft limestones exposed below the 
alluvial deposits almost certainly belonging to the overlying Ravine beds. The country to 
the east of Gharaq has not been geologically examined and the exact locality in which the 
thick bed of limestone dips underground and is overlain by the succeeding beds is doubtful. 
Further north, in the desert ridge east of Qalamsha, we have observed the Birket el Qurftn 
lieds and a section measured at this point is given later. 

# 

As it appears to have been freely assumed that the ridge separating the Rayan character. ifRidf 
depression from the cultivated lands of Gharaq and the Fayum is formed throughout of RTyan '"rom ' 
solid limestone, it is important to point out that, on our assumption of the identity of the Ynynm. ^'"^ 
beds of limestone capping the cliffs to the south and the plain to the north of the Wadi 
Rayan, the dividing ridge would in part be formed of the underlying arenaceous and 
argillaceous beds. 

The absence of Nile deposit and freshwater shells in the Wadi Rayan will, Avhen (^i.,^ti,.ii .a 
confirmed after a thorough examination of the area, afford the strongest evidence that .li'viaTni; rMgf. 
the depression was never directly flooded by Nile water. The fact that the dividing ridge 
is probably everywhere above the highest level attained by Lake Mceris, and by the still 
more ancient prehistoric lake, is almost sufficient in itself as a proof of this. It does not 
however follow that there was not leakage through the ridge into the Rayan basin, as 
such leakage might conceivably have taken place to a considerable extent without the water 
ever having collected in sufficient quantities to form even moderate sized pools within 
the depression. The bottom of the depression is for the most part covered with soft 
porous sandy deposits overlying the Eocene bed-rock below, and at the present time the 
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water of the Rayaii sprinos, though continually running, at once disappears from sight, 
drains down to the lowest parts of the depression and is then gradually lost by evaporation 
or underground leakage. In the lowest parts of the depression this water is, as already 
mentioned, met with on digging to a very moderate depth. 

A careful examination of the flanks of the ridge separating the Fayum and Gharaq 
cultivated arejis from Rayan might prove if such leakage ever took place. If such was 
the case the seepage was probably along the line of junction of the limestone and underlying 
clayey or sandy beds. Even if it were proved that there never was leakage from Lake 
Moeris into Wadi Rayan, it would not be safe to assume that the converse would not 
happen, as the dip of the beds is from south to north and this fact is one to be reckoned 
with. Judging from the nature of the Eocene beds forming the Wadi Rayan, my opinion 
is that leakage on a large scale would not take place, and that owing to the northerly dip 
any water that escaped from the reservoir would pass indefinitely northwards and would 
not find its way through the overlying hmestone to the surface either in Gharaq or the 
Fiivum cultivation. A detailed examination of the local geology would, however, be 
necessary to prove or disprove this. As to the question whether the Wadi Rayan as 
a whole would hold water, as far as is known there are no faults or other fissures of any 
magnitude through which the water could escape. Xo doubt a good deal of water would 
be lost before the smaller joints and jmssages, which exist in all rocks, were silted up. 
Schweinfurth supposes that the freshness of the Birket el Qurun is due to the existence of 
subterranean outlets, and such might also be found to exist in the Wadi Rayan. In any 
case the argillaceous deposits from such a lake would very soon form a bed to all intents 
and purposes impermeable. 

]).;:ippof sniinity. With regard to the exteut of Salinity of such a lake Dr. Schweinfurth's figures are 

of considerable interest and value, although based wholly on assumed data. The greater 
part of the salt would be deriveil from the rocks and soil forming the bed of the reservoir 
ami only by extensive sample collecting and analysis can reliable figures be obtained. We 
believe that in the lowest parts of the basin the salt content of the ground would be found 
considerably in excess of the two per cent used In' Schweinfurth in his calculation, although 
his total estimate would probably he found well within the mark. 

Section V.-( 'ENTRAL AREA OF THE REGION. 

Cfiitnii vhm-.a The great central plain, forming the floor of the depression as a whole, is composed 

]v%r'l^i.,n. of a hard bed of limestone some thirty metres thick. This limestone, forming the 

uppermost member of the Rayan series, is, as already mentioned, almost certainly identical 
with that capping the cliffs to the south of the depression, and in all probability in the 
eastern extension of the plain under description underlies the whole of the cultivated lands 
of (iharaq and the Fayiim. The feature of the plain as a whole is its marked and constant, 
though low, dip to the north ; so that its surface, bared l)v denudation of the overlying 



soft limestones of the Ravine series, over a distance of some twenty kilometres, is ;i true 
dip-slope, at the base of which lies a strip of low-lying country extending from beyond 
Gar el Gehannem through the Birket el Qurftn to the Nile Valley ridge east of Tamia. The 
central and lowest portion of this low-lying area is occupied by the Birket el Qurun, the 
bed of which lies fifty metres below sea level and is thus the lowest known spot in the 
whole of the Libyan desert. Thirty kilometres south-west of the western end of the lake, 
at the base of the dip-slope of the central plain and immediately under the southern scarps 
of the great outlying hill-mass west of Gar el Gehannem, lies another low lying basin, 
which receives the drainage from a considerable area of the plain to the south-west. The 
latter, consisting of the limestone above-mentioned, is here superficially covered by gravel, 
and its dark undulating surface is scored by numerous shallow winding' water-courses 
marked by an abundant growth of scrubby vegetation ; some of the principal of these drain 
into the basin just mentioned and after heavy rainfall the water collects and forms a 
pool 600 metres in length by 100 to 150 metres wide. The base of the basin, at about 
80 metres above sea level, is marked by a level deposit of silt of considerable thickness, 
the east end of the site being surrounded by great numbers of luxuriantly growing 
tamarisks. Other similar basins exist on the plain to the south, and under an isolated hill 
five kilometres W.S.W. several full grown acacias were noticed. On the low ground to 
the north-west of Gar el Gehannem, and at several points between it and the head of the 
Birket el Qurun, similar silt covered areas exist, some being only from 30 to 40 metres 
above sea level. 

In the extreme south-west of the region the limestone forming the central plain is 
gradually overlain by the succeeding beds, s(j that the ground rises imperceptibly to the 
level of the plateau separating the depression from that of Bah aria, distant some two days 
march. On the eastern side, if the superficial alluvial deposits could be stripped off, the 
underlying surface of limestone, sloping from south to north, would not differ materially 
from the plain further west, except that here, at a.n\ rate north of Gharaq, the Rayan 
limestone is overlain by the basal beds of the Ravine series. 

'Section VI.— RIDGE SEPARATING THE NILE VALLEY AND THE FAYUM. 

The desert ridge separating the Nile Valley from the Fayum has, to the north of the 
Bahr Yusef, an average width of some ten kilometres : further south it narrows, until due 
east of Gharaq the ridge is barely 2^ kilometres wide. The highest points are situated to 
the east of Sersena and Qalamsha respectively. 

In both these localities the Eocene rocks, consisting of clays alternating with beds of 
calcareous sandstone and sandy limestone (pp. 39, 40) are overlain by thick deposits of 
conglomerate and gravel, attaining altitudes of over 100 metres above the cultivated land 
below. From these summits the slope is usuallj^ very gradual on the Nile Valley side 
but much more rapid towards the Fayiim. 

The ridge is cut down, however, to a comparatively low level in four localities ; to the 
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north-east of Tamia ; to the east oi: Sela, where the railway crosses ; between Lahun and 
Hawara, where the Bahr Yusef canal enters; and to the south of Qalamsha, where alorij;- 
the site of the proposed Wadi Rayan canal the highest point is only some 40 metres above 
the Gharaq basin and ^7 metres above the adjoining Nile Valley cultivation. 

!onnection '..'f' NH* ^"^ ^^ ^^^ most interesting problems connected with the Faytim may be briefly alluded 

vnth Faj'niM. ^q j^gj.^ — When did the waters of the Nile first obtain access to the depression ? 

As will be shown later the Fayum was occupied by the sea in Pliocene times, when 
the great gravel accumulations and gypseous deposits were formed. Later the area became 
dry and denudation of tlie land surface completed the work of erosion already begun in 
earlier times. 

In Pleistocene times drainage down the Nile Valley appears to liave become definitely 
established and probably the river in the lower part of its course eventually washed up 
against and broke down the separating barrier of gravel between the Fayfim and the Nile Valley, 
so that part of its waters obtained access to the depression, formed a lake on the lowest 
part, and gradually rose until the whole basin, up to the level of the channel connecting it 
with the Nile Valley, became filled. Every year thousands of tons of sediment were 
carried in by the Hoods and spread out on the floor in the shape of a fan. Probably 
later, as the Nile level fell, the vaUey and the depression again became disconnected, 
until the more modern river, with its gradually rising bed, again attained the requisite 
altitude. In earl}- historic times the alluvial deposits had probably silted up the lake in 
its southern central part, ;uid when in the Xllth dynasty the district was first taken in hand 
by Amenemhat I tliis part of it must have had the character of a huge marsh, nearly 
surrounded by open water, rapidly deepening towards the north. 

Section- VII.— THE NORTHERN DESERT REGION. 

All along the north-west and north sides the ground rises rapidly from the base of the 
'"" dip-slope of the plain in a series of escarpments to the sunnnit of the rim of the depression, 
averaging MO metres above sea level. Northwards from the summit stretches a rolling 
pebbly desert, the iirex-iiiling character of which is a dark brown, reliexed by lighter brown 
grey and yellow latches, and especially flecked by the hght siuidy slopes of the undulations. 
Although the latter seldom rise to any c(jiisiderable height above the general level of the 
plain, from the top of the most modest eminence an immense view in every direction 
can fre(|uently be obtained. The monotony of this desert is (tnly reheved by the occasional 
oelts of sand, which althcjugh extremely narroAv in width, run for immense distances in 
almost abs(jlutely straight lines, and in a N.N.VV. — S.S.E. direction. Although none of 
these dunes actually reach the rim of the escarpment we may mention here the beautiful 
Ghart el Khanashat, an almost straight and apparently unbroken ridge of sand, extremel}- 
narrow but of great length. Near its southern extremity the width does not exceed 
l(i(» metres; the slojies on both sides are frequently as much as 30°. The commencement of 
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the Ghart el Khanashat was observed on a march from Wadi Natron to Mogara; it lay 
some way to the south ot" a line joining those two localities but could not be accurately 
fixed from the line of route. The belt dies out 24 kilometres from the rim of the Fayfim 
depression, its termination being particularly abrupt, although the height of the ridge 
diminishes gradually throughout the last kilometre or two. The line of the belt if continued 
would almost strike the western extremity of the Birket el Quriin; near its termination 
the desert is almost flat, the surface being finely gravelly, with numerous groups of silicified 
ti'ees; tufts of coarse grass grow in some profusion on the sandy ground at the base of 
the ridge on either side. A fairly well-marked road from the Birket el Quriin to the Wadi 
Natron passes the end of the ridge and continues northwards at a distance of 200 metres 
from the east side of the dunes, althougli apparently gradually diverging eastwards. 

Except to the north and north-west of Tamia, where a somewhat extensive and fairly 
level plain exists, the ground, as already mentioned, rises from the limits of the central plain 
in a series of escarpments to the summit of the rim of the depression. These cliff lines are 
broadly speaking three in number and represent the escarpments of the three great rock- 
stages which build up the northern part of the Fayum, i.e., the Birket el (^uriln series, the 
Qasr el Sagha series, and the Fluvio-marine series. It would serve no useful purpose 
describing these different cliffs in detail ; their positions and characters are apparent on the 
accompanying maps. The intervening- plateaux are for the most part dip-slope plains 
formed of hard bands of rock, which resisting denudation, are left protecting the underlying 
strata while the softer beds above are cut back at a comparatively rapid rate. 

In December 1902 and March 1903 a traverse was made tlirouiih the unexplored t'eaert west aod' 

^ a..uth-west or Gar 

country west and south-west of Gar el Gehannem, finally connecting up with AVadi Ra}'an. fi i"h;uiiiem. 

The highest escarpment, i.e. that of the Fluvio-marine series, dies out about 20 kilometres 

west of Gar el Gehannem, gradually merging into the undulating gravel -covered plain. The 

lower escarpments, those of the Qasr el Sagha and Birket el Qurun series, continue to a 

considerable distance in a south-westerly direction, although gradually losing the characters 

of well-marked cliffs. In fact westwards of this the depression gradually shallows, until at 

a point some 50 kilometres southwest of Gar el Gehannem the floor has attained the level of 

the ordinary desert plateau, on which the outcrops of the beds of successive rock-stages 

follow one another in regular order from south to north, but without forming well-marked 

topographical features, as in the depression. 

Hills, capped with dark hard ferruginous silicified grits and puddingstone. were met 
with in the extreme south-west extension of the depression ; these deposits, which A\-ill be 
referred to more fully later, considered in conjunction with the similar beds occurring within 
the oasis of Baharia, and in the hills of Gar el Hamra, on the plateau immediately to the 
north-east of that depression, are of considerable interest and importance, especially in 
connection with the question of the position of the early rivers which in Eocene and later 
times brought down quantities of trees and animals, the remains of which are so abundant 
throughout the later Fayum deposits. 



iibei el (Mtnuii I'he boldest part oi the rc"i(>ii is the area lyirie; between the Birket el Qurun and the 

ana escarpments l rr- j o ^ 

north of the Firknt summit of the depression to the north. All three lines of clifE are here high and precipitous, 
and the uppermost escarpment, well known by the name of Jebel el Qatrani, formed of a 
highly coloured series of sandstones and clays and capped for a distance of many kilometres 
by :i thick bed of hard black basalt, is of a most striking character. The eastern extremity 
of Jebel el Qatrani is perhaps the most conspicuous point in the whole region ; here the 
two conical black basalt-capped cliff-outliers, kncwn as Widan el Faras, stand side by side, 
and from their summits the eye commands the whole region from the pyramid of Lahun on 
the one side, across Rayan to the south, up to the extreme limits of the depression to the 
s(juth-west. The rim of Jebel el Qatrani has a fairly constant level of about 340 metres 
above the sea. From Widan el Faras the escarpment trends northwards for a few 
kilometres before again resuming an easterly direction, which is continued till the well- 
marked bluff of Elwat Hialla is reached. From this summit the pyramids of Dashur, Saq^ra 
and Giza are xisible tc the north, as well as Cairo and the Nile Valley southwards, backed 
by the bluffs on the Eastern desert limestone plateau. 

To the south the isolated peaks of Garat el Gindi and Garat el Faras form conspicuous 
landmarks on the more < n- less open plain which stretches to Tamia and the limits of the 
Fayum cultivated lands. Eastwards the escarpments continue in a broken irregular manner; 
the upper ones are gradually lost in an undulating plain, while the lower eventually join 
those forming the northern part of the ridge separating the Fayum from the Nile Valley. 
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PART II. 

TECTONICS 



Section VII I.— FAULTING AND FOLDING. 

More extended examination of the Fayum region supports my original conclusion^ TheFay&m 
that the depression owes its origin to the same causes as have given rise to the other oases- by subaerTai"""* 
depressions of the Libyan Desert, namely Baharia, P'arafra, Dakhla and Kharga^. No 
evidence has as yet been met with which would suggest that earth-movements have played any 
important part in the formation of the Fayum depression. Local faults, for the most part 
of short length and slight throw, occur at certain points, but the influence of these is 
strictly limited to their immediate neighbourhood. In fact, an examination of the desert 
margua of the Fayum conclusively proves that the depression has been cut out through the 
action of ordinary subaerial denuding agents. The somewhat prevalent idea that the central 
portion of the depression, that covered by alluvial soil and the water of the lake, is faulted 
down, also rests on no foundation, all available evidence pointing in an opposite direction. 
Throughout the margin of the alluvial covered area the Eocene beds forming the surface of 
the desert can be observed to pass regularly under the cultivated lands ; moreover, the same 
strata are frequently exposed in the bottoms of canals, drains, etc., far within the cultivation. 
The big drainage ravines of El Bats and El Wadi are, through a large part of their courses, 
cut down to the underlying Eocene rocks (Ravine beds), and in every locality examined the 
strata were found in the position they would be expected to occupy if undisturbed by 
tectonic movements. 

The evidence yielded by the deep boring at Medinet el Fayum is, as far as it goes, to 
the same effect. The ground level at the site was at 23"40 metres above sea-level and the utdinet "rfayftm, 
foUowiag beds were passed through' : — 

Metres. 

Alluvial clays, clayey sands and sands, the latter in part coarse and pebbly 18'5 

Yellow, brown, and grey marls and marly clays (probably belonging for the most part 



to the Ravine beds) 
Cement coloured stone 

Yellowish stone 

Light brown solid stone 
Cement coloured soft claj^ 
Cement coloured stone 



1 



Probably these lime- 
stones and occasional 
marls and clays belong 
to the Rayan series. 



112-5 
43-.5 

6-5 
10-5 

1-7 
12-5 

205-7 



Bottom of boring 182-3 metres below sea-level. 

' Bbadnbll. TIis FayUm depression: A Preliminar// Notice of the Geology of a Dhfi-irt in Mgypt amtiuning a new 
Palaeogene Vertebrate Fauna. Geol. Mag. Dec. IV, Vol. VIII, No. 450, Dec. 1901, p. h^^. 

» See reports on Kharga Oasis (1900), Farafra Oasis (1901), Dalclila Oasis (1900. and BaliariM Oasis (1903), issued by 
Survey Dept. P. W. M., Cairo. 

^ Public Works Ministry Report. Cairo, 1899. 
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The method employed in this boring was such as to bring up the material as a ground- 
up paste, an examination o£ which does not affprd absolutely conclusive evidence as to the 
age of the rock. The absence, after the first 18'5 metres, of sand or pebbles, common 
throughout the alluvial deposits of the Fayum, suggests that the base of these beds M^as 
reached at that depth, but from this evidence alone it would perhaps hardly be satisfactory 
to conclude that the underlying 112'5 metres were entirely Eocene. Considering, however 
that in the two deep ravines of El Bats and El Wadi the underlying Eocene is very ^commonly 
exposed at an average depth of some 15 metres below cultivation level, it is highly impro- 
bable that in the centre of the area, at Medinet el Fayum, the alluvial deposits greatly exceed 
the same thickness. To classify the 112"5 metres of marly clays as alluvium would give the 
latter a total thickness of 131 metres and would mean that over an extremely restricted area 
the Eocene rocks had been denuded to such an extent that the floor of the depression la\' 
lOS metres below sea-level. The ground-up samples of rock closely resemble what might 
be expected from the clays and marls forming the Ravine beds and in all probability the 
greater part of the 112'5 metres belong to that series. The harder stone met with at 131 
metres, which, with the exception of a band of soft clay, continued down to the bottom, 
must be regarded as belonging to the underh'ing Rayan series. 

Dr BiaiHk.nhori].- Dp. Blanckenliom. in a pai)er pubhshed in 1901' dealiii"' with the Pliocene and 

I' jMlt theory. x l l o 

Pleistoocne of Egypt, describes tlie Fayiim as a triangular depression bounded on all sides 
l)y faults. Tlie jiosition of these bounding faults, as well as of numerous others more or 
less pai-allel to the north shore of the Birket el (^urfni, is shown on an accompanying map 
and in a section drawn from Al)shawai to tlie summit of the plateau north of the lake; 
Strati graphical evidence, based on the supposed identitj^of certain strata in different localities, 
is brought forward in support of these faults, the author finally .stating that the production 
of the Fajalm is clearly and distinctly to be referred to tectonic movements. 

I )ur conclusion, formed after an examination of the region in some detail, is so diametri- 
cally opposed to the above, that it niaj- be worth while to state here the evidence which we 
consider sufficient to refute the existence of the particular faults described by Blanckenhorn. 

Blanckenhorn's fault-lines lie for the most part within the area covered by the alluvial 
deposits and the water of the lake, so that for want of exposures it is in most cases 
impossible to directly disprove their existence, although strong presumptive CAddence 
against them can be adduced. The fault along the east side, however, is shown as closely 
following the junction line of the desert and the cultivated land, but everywhere along 
this line Ave found the marls and limestones of the Ravine beds passing regularly £«om 
the desert under the culti\ated lands, without an\- sort of break or dislocation. Moreover, 
an examination of the desert ridge to the east disproved the existence of any faulting on 
the desert side, while the appearance of the same beds in the ravine of El Bats, a few 
kilometres to the west, proved the continuity of the beds under the cultivated alluvium in 

1 Br.ANCBENHOH.v. (TeuliH/if kegiiptena, Berlin 1901, i'i. IV, pp. 339-344. 

p. 341, Fig. 111. Skizze der Strukturlinleu des Fayfini. 
' . Taf. XI \' Oiiprprofil duroh dfln Fayflmgraben. 
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this direction. Certainly no fault exists along this side of the Fayiim. Similarly with 
regard to the fault shown as running from the west end of the lake along the we.st side 
of the FayAm cultivation into the basin of Gharaq ; although the desert margin along this 
side of the FayAm cultivation has not been so closely surveyed as that on the east side, no 
evidence in favour of the existence of faults was met with in the particular localities examined. 
With regard to the third main bounding fault, considered by Blanckenhorn to run 
throughout the length of the Birket el QurAn and to be continued eastwards, possibly to 
the Nile Valley and at least to join the fault on the east side of the cultivation, we need 
only say that an examination of the desert near Tamia disproves its existence at that end ; 
while it is difficult to imagine that a fault could traverse the lake from end to end without 
revealing its presence in the island Geziret el Qorn or in one or other of the promontories 
which jut out so far into the lake from its northern shore. Everywhere the strata are 
undisturbed and occupy their normal stratigraphical level and position. 

Let us finally examine the series of more or less parallel faults stated to exist between 
the island and the northern shore of the lake, and on the mainland to the north and south 
of Dim^. Dr. Blanckenhorn publishes a detailed section (op. cit., fig. 2., taf. XIV) showing 
the positions of these step faults and their effect on the various strata through which they 
cut. Fortunately, in this neighbourhood the stratigraphical succession is well exposed and 
the presence or absence of faults become matters of easy determination. The sequence of 
beds from south to north i.s normal and uninterrupted and our interpretation of the area is 
shown in the accompanying sections (Plates XIX, XXII, and fig. 4). We have no 
hesitation in saying that such faults as those shown on Blanckenhoru's section do not 
exist. Their insertion appears to be the outcome of an error in the correlation of strata at 
the three points Abshawai, Geziret el Qorn and Dime. The bed capping the island is not 
identical with that forming the plain to the north of Dime, although shown to be such on the 
Section under discussion. 

In a later publication ^ Blanckenhorn admits being in error in his correlation of the 
different beds in the localities in question and completely withdraws his former statements 
that the depression owes its existence to fracture and subsidence. The faults shown on his 
detailed section from Abshawai to Qasr el Sagha are admitted to be non-existent and in 
this retraction we may presumably include the remainder of the faults described by the 
same author, as the evidence for them is of a still less satisfactory nature. 

In a wind-swept desert area like the Fayum the slightest dislocations are as a rule 
markedly obvious, and faults of any magnitude could scarcely escape detection. Over the 
greater part of the region every bed is laid bare on the surface and can be minutely 
examined ; while the marked irregularity of the escarpments afford sections cut through the 
different' series in every direction. Some areas, however, are covered with superficial 
deposits, which more or less effectually obscure the underlying rocks ; for instance, on the 
east side a large part of the central floor is hidden by the cultivated alluvium and by the 
water of the lake ; in the south a considerable proportion of the floor of Wadi Rayan is 

' Blanckenhorn, Neue geologisc/i-stratigrapkische JBeobaclUungen in Aeijyptmt, S.-Ber. J. math.-phys. ClasBe d. kgl. 
bayer. Ac. d. Wiss. Bd. XXX I 1902, Heft III, Miinchen 1902, pp. 428, 429. 
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buried under accumulations of blown sand ; and again large areas on the north, west, and: 
south-west sides are obscured by a superficial covering of loose gravel. But as already 
mentioned, there is no reason to suppose that faults of any importance exist within the, 
areas thus partly obscured. The cultivated lands and the Birket el Qurun do not occupy 
low areas produced by faulting but, as shown above, owe their positions entirely to the, 
original northerh' dip of the strata and to subsequent erosion. 

We have already stated that small local faults occur in various parts of the Fayum and 
some of these may be specially mentioned. The most important is about 10 kilometres 
N.N.E. of Qasr el Sagha; the line of fault lies nearly north-west and south-east, has a 
length of six or seven kilometres, and affects both middle and upper Eocene beds : at its 
northern end the fault passes into a fold before finally d^-ing out. Some of the Upper 
Eocene sandstones are hardened and silicified and form a succession of black knobs along the 
line of disturbance. To the south of these the axis of dislocation bends slightly eastwards 
and takes the form of a sharp fold ; further south it again becomes a true fault, flanked b\' 
a line of highly tilted beds along its south-west side. The effects of this fault are very 
marked localh' but entirely restricted to a limited area. The most important is the breaking 
of the continuity of the escarpment of the Qasr el Sagha series ; the line of cliffs formed 
by those beds is a very marked topographical feature and the fault in question causes a 
lateral displacement of seven kilometres. 

In the neighbourhood of Qasr el Sagha and westwards for a considerable distance, 
small strike-faults are of common occurrence in the beds of the Qasr el Sagha series. As a 

rule these faults do not extend more than a few 
hundred metres in length, while the down-throw 
seldom exceeds two or three metres and in 
almost every case observed is to the north. 
The hade may be G.^° or more. Fig. 1 shows 
an example near Qasr el Sagha. The most 
marked of these strike faults is seen to the east 
of Garat el Esh ; commencing a little to the 
north-east of that hill it runs in a nearly due 
easterly direction till it cuts the cliffs of the 
Qasr el Sagha series after some five kilometres. Its down-throw is to the north and never 
exceeds a few metres; this small throw is however sufficient to cause a marked displacement 
of the highest bed of Hmestone forming the dip-slope surface of the plateau at the summit 
of the Middle Eocene beds. 

At first sight it might be suspected that the very irregular trend of the different 
escarpments throughout the Fayum was determined or influenced by fault lines; an 
extended examination of the cliffs however gave negative results, with one exception; the 
long narrow hill-mass to the north east of Gar el Gahannem is bounded by faults on both 
sifles and that on the west can be easily traced for seven or eight kilometres northwards, and 
throughout its length its influence on the topography is very conspicuous. 




Fig. 1,— F;iult w.ir (^,i,-ir p| Sasili" 



PART III. 

GEOLOGY. 



Section IX.— GENERAL AND CLASSIFICATION OF STRATA. 

The geology of the area' under consideration is almost entirely stratigraphical, the 
only igneous rocks being more or less local lava flows. The sedimentary rocks of the 
district have yielded an abundant fauna, both invertebrate and vertebrate ; the latter is 
of unique interest, including as it does a number of highly interesting animal types quite 
new to science. An extended examination in the field, and comparisons with the 
stratigraphical succession in other parts of Egypt, checked by the determinations of the 
fossil molluscan fauna, make it possible to form a very fair estimate of the approximate 
age of the difEerent rock-stages, although this may necessarily be subject to modification 
when the specific determinations of the entire collection of organic remains have been 
completed, and the development of vertebrate life has been correlated and compared with 
that in other parts of the world. 

The depression is cut out in a great series of sedimentary rocks of Middle Eocene, 
Upper Eocene, and Oligocene age, and one of the features of the stratigraphy of the 
region is the constancy of many beds over wide areas. The dij) of the beds throughout 
the area is nearly due north and at a very low angle, averaging 2° or 3°, but varying from 
1° to 5° ; this low dip is very constantly maintained except when locally afEected by 
small faults. The structural geology and tectonics have already been discussed at some 
length in the previous sections. • 

The oldest beds found in the depression are the clays, marls, and limestones with 
Nummulites gizehensis, of Middle Eocene age. These are succeeded by a group of white 
marly Hmestones and gypseov^s clays, which largely underlie the cultivated alluvium of 
the Fayum. They are followed by a series consisting of clays, sandstones, and calcareous 
grits, some beds of which are characterized by the abundance of small nummulites 
and Operculina. The latter series is followed by the uppermost truly marine Eocene 
beds, a group of alternating clays, sandstones and limestones, the "Qasr el Sagha Series" 
(or Carolia beds), characterized by an abundant invertebrate and vertebrate fauna, and 
equivalent to the Upper Mokattam beds of Cairo. 

Above the Qasr el Sagha series, and well marked off from them both lithologically and 
palceontologically, is found a great thickness of variegated sands, sandstones, clays and 

' Beadnell, The Fayum Depressian; a Preliminary yotice of the Geology of a district in Egypt containing a new Palceogene 
Vertebrate Fauna. Geol. Mag. Dec. IV, Vol. VIII, No. 450, Dec. 1901, pp. 540-.546. 
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iiiarlis, the " Fluvio-mariuf Series" (Jeiiel el Qatrani Ijeds), divided near the aummit by 
uue or more thick intercalated lavit siieets, the latter forming a convenient junction line. 
This series of v:irie<;ateil beds is of Upjjer Eocene-Lower Oligocene age. 

No Miocene strata have been recognized within the area, but further north, as at 
Mogara, Lower Miocene deposits occur;' and it is probable that there is a continuous series 
of lithologically similar beds from the summit of the Fayum escarpments (Lower Oligocene) 
to the Mogara Miocene. 

The Pliocene is probably represented by the great terraces of gravel — raised beaches — 
which are such a marked feature in the geology of the district. Fossiliferous Pliocene 
deposits have also been recorded from the south part of the area by Schweinfurth.^ 

Pleistocene and Recent are abundantly rejji-eseuted by lacustrine clays, both ancient and 
modern, alluvial land and blown sand, the formation of which deposits is continuing at the 
present time. 

The following table will show tlie secpienee of strata and the classification adopted 
in the present memoir : — 

Table sHewixc Succession and Classification of Strata in the Fayum. 





a 
'A 
o 
H 

• 

l-H 

cq 




A|i[n-ij\liii;i,te 

thicknesB 
ill metres, 
north part 
of Fayum. 




BECJiNT AHl) 
PLETSTOOENE 




Alluvial soil, clays, samls, ot(.'. 

Blown sand. 

Lacustrine clays, extending to about 23 metres above sea-level. 


(MIDDLE ? ) 
PLtOCEXE 


:',o 

2.V i 


(.Travel Terraces ( ? Pleistocene). 
Shell-borings on rock surhices. 
Fossiliferous deposits of Sidniaut. 


LOWER 

OLKJOCEMK 


Fltrr'nt-iHiinm' Series (Jehel el Qntnini beds). 

Sandstones and sandstone-grits with silicified trees and 
Basalt slieets.interbedded and contemporaneous. 


UPPEK 

EOCENE 


Variegated sands, sandstones, clays and marls, with limestone-grits 
and thin bands of limestone. The upper beds contain Unio sp., Lan- 
ixtex liaiionlaiiiis, Blanck., Tnrritelhi pharaonica, Cossm., Potamides 
sealaroides, Desh., P. t rist riafiis. Lam., Pleurotomahuieiis, May.-Eym. 
In the lower lieds are large numbers of silicified trees associated 
with verti'ljrate remains including Arsinoitherimn Zitteli, Beadn., 
.1. ^liidj'eirKii, Lankester, I'liliramastodon Beadnelli, Audi., P. niinor. 
Andr., Ma ntheriuin J,i/iiiisi, Andr., M. trigodon, Andr., Megaloliyrax 
eoi-ii'iiux, Andr., M. miimr Andr., Swjhitherliini ((utiquiiiu, Andr. and 
Beailn., <S'. ininiit<. Andr. ;ind Beadn., S. magnum, Andr., Ancodus 
(T<ir riiigei, Andr. and ^ivivAn.Jieiiiohyus minis, Andr., G. fayumensis, 
Andr., G. majoi; Andr., PIi'hdiiui serriJens, Andr. and Beadn., Ptero- 
(loii. qfriraiiiis, Andr., P. macrognathus, Andr., Eremopezus libycus, 
Andr., Testiido Aiiiiikhi, Andr., and frequent crocodilian and chelo- 
nian remains. 



' Andkews, Fussil J/ii III mill 1,1. friim luinpl. (ieol. .Mag. IH'.I'.I, No. 42.">. pp. 481,482; and BLANCKB2SH0KN, Xeues nir 
(I'aihifjii! mid Paleoiitoluriir ^Vgijiiteiix, III, Das Jlioiiiii." Zi_'its(.;lii-. A. Deutsch. geol. Gesellachaft. Jalirg. 1901, pp. 98-101. 

- SCHWEINPURTU, Itf'ixr in (lax Itejiivsyiumgehiii im /'mliirixr dfs Fapim, Zeitschr., Ges. f. Erdkunde, Berlin, No. 122. 
lHK(i, p. 10(1. 
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Table showing Succession and Classification of Strata in the Fayum (nnitiimed.) 
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Approximate 
average 
thickness 
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155 



50 



70 



130 



Qasr el Sagha Series (^Carolia beds). 

Alternating limestones, marls, clays and sandstones with Qerunia 
{Hi/dractinia) cornuta, May.-Eym., Astrohelia similis, Felix., Echino- 
lampas Crameri, Loriol., Ostrea Reili, Fraas, Ostrea elegans. Dash., 
Alectryonia Clot-Beyi, Bellardi, Exogyra Fraasi, May.-Eym., Carolia 
placunoides, Oantr., Cardita fajumensis, Oppenh., Macrosolen Hollo- 
iiKiyai^ Sowerby, 7'urritella pkaraonica, Cossm., T.carinifera, Desh., 
Me.taliit fasciata, Lam., Rimella rimosa, Sol. The vertebrate remains 
include Mceritheriuni Lyonsi, Andr., M. gracilis, Andr., Barytherium 
grave, Andr., Eosiren libyca, Andr., Zeuglodon Osiris, Dames, 
Gigantophis (jrarstim, Andr., Pterosplienus Schweinfurthi, Andr., 
Psephophorus eocrenits, Andr., Thallassoehelys libyca, Andr., Podoe- 
nemis antiqua, Andr., P. Stromeri, v. Rein., Stereogenys Cromeri, 
Andr., S. podocnemioides, v. Rein., Tomistoma africanum, Andr., 
with siluroids and Propnstis Schweinfurthi, Dames. 



Birket el Qurun Series {Operculina-Numinulite beds). 

Sandstones and elii3's, with sandy limestones, and one or more well 
marked concretionary sandstones weathering into large globular 
masses. 

JSIummulites Fraasi, de la Harpe, N. Beaumonti, Opevculina discoidea, 
Schwag., Qerunia cornuta, May.-Eym., Pliratiila polymorpha. Bell., 
Pectunculus pseudopulvinatus. Orb., Cardita Viqufsneli, d'Arch., 
Cardium Schweinfurthi, May.-Eym., Venus plicatella, May.-Eym., 
Macrosolen Hollowaysi, Sow., Lucina pharaonisj Bell., Tellina 
scalaroides. Lam., Clavellithes loiigcevus, Sol., Valuta arahica, May.- 
Ej'm., Tin-ritclla jihanionira, Cossm., T. carinlfera, Desh., with 
Zetiglodoii Osiri.s, Diinies, and Z. Isis, Beadn. 



Ravine Beds. 

White marls and marly limestones with gypseous clays; Nucularia sp. 
Leda sp., Corlmla ati. pi/ridicula. Desh., Lucina si>. {? pharaonis), Tel- 
liiiii tenuistriKta, Dcsli., Zeuglodon Isis, Beadn., and scales and teeth 
o£ fish. 



Wadi Rayan Series (NiniiniiiUtes gizehensis beds). 

Limestones, marls, clays, etc., with Nummulites gizeliensis, Ehrbg., N. 
curvispira, Carolia placunoides, Cantr. 



Section X.— MIDDLE EOOENE (PARISIAN ). 
A. — Wadi Rayan Series. — (JS'iuniuulites Gizehensis Beds). 

(A.I.e. Schweinfurth, l.b. Mayer-Eymar,'- Lower Mokattam of Cairo). 

Beds of this group are chiefl}' found in the south of the depression. The wadis Rayan 
and Muela, as already shown by Schweinfurth and Mayer-Eymar'"', are cut out in clays and 
limestones of Lower Mokattam age • the upper beds of limestone, containing among other 



' Op. cit. pp. 108-110. 

^L' Oasis Ae Moeleh, Bull, de I'lnstitut Etfypt.. I'l 



3, Ap. IHi>2. 
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fossils' numerous examples of the large Nnmviulites <iizehensis,ior\n the greater part of 
the floor of the depression M'est of the Fayvim cultivation, stretching from Jebel Rayan 
to the foot of Gar el Gehannem,- 28 kilometres west of the western end of the Birket 
el Qurim (Section XX). Near the latter hill examples of N. gizehensis of inordinately 
large size occur.' 

At the conical hill at the southern entrance to Wadi Muela the following beds were 
noticed: — 

Top of lull. 

1. Hard white linii>stone with small nummulites, Lucina^ Callianassa, and echinids. Salt 

occurs in thin dejKisits along joint-planes. The lower part of this bed is largely composed 
of small nummulitcs and bryozoa. This generally white limestone passes down into 

2. Brown, usually sandy, limestone with 03'sters and small nummulites. In it are intercalated 

thin beds of greenish brown sandstone and ela3'ey sand with impressions of bryozoa. Some 
of the brown sandy limestones are full of small nummulites. Ostrea and Carolia numerous. 
The beds are not constant, the clayey sandstones passing insensibly into sandy limestones. 

3. Softer beds with large nummulites, corals, Ostrea, Nautilus. 

4. Soft green and brown clays, with occasional oyster-beds. 

At the comer of the cliff 7J kilometres N.N.W. of the monastery of Der el Galamiin, 
in Wadi ]\Iuela, occur about 80 metres of hard white nummulitic limestones, with 
beds of argillaceous sandstone and sandy clays. Fossils are numerous and include 
nummulites of several species (tV. gizehensis, etc.), Carolia placunoides, different species 
of Ostrea, with gastropods (among others Terebellum sopitum), bryozoa, etc. It is very 
noticeable that the nummulites, especially the small species, occur in remarkable profusion 
not only in the limestones but often in the clays. 

The following section will give a good idea of the general alternations found in this 
area ; it was measured at Jebel Rayan,* Si kilometres west of the western end of the cultiva- 
tion of Gharaq basin. 

Top of plateau. Metres. 

1. Hard snow-white limcstune with occasional nummulites passing down into hard highly 

nummulitic limestone ; jV. gizehensis, Ostrea sji., Luciiia sp. Mitra sp., and Carolia 
j3/acMnoifZe.s occur among others 31 

2. Vertical-faced bed of greenish clayey sunds and sandy clays (glauconitic) with Carolia, 

Ostrea and Niiiiiniiilites. Near top of bed there is much gypsum. The nummulites 
in this bed are often collected together so as to form hard concretionary masses ; these 
masses, by becoming more numerous, finally form a hard bed of nummulitic limes- 
tone intercalated in the clays near the top. The junction of the clays with the 
limestone of Bed JSTo. 1 is very irregular 16 

3. Greenish shelly sands and sandy clayey bands, interbedded with impure chalky num- 

mulitic limestones with X gizehensis, X. eiirvi.spira, and a third smaller species; 
Ostrea sp. This bed is much obscured l)y debris 11 

4. Hard slate-blue shales, weathering to paper-shales 2 

' The following may be mentioned; Euspataiigvs {fni;,io.-<ii.t? and JJliuu-lienhonil), Svhizaster, Lohocarcinus {? Paulino 
Wurtembergicus), Xautilus sp. etc. 

2 El Haram el Bahrl of Schweinfurth. 

3 Individuals of 60 mm. diameter are not uncommon. 
' Cape Eayan of Scliweinfurth. 
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5. Brownish marls passing up into clays 2 

Limestone band largely made up of small and large nummulites and echinids 1 

Glauconitic (?) and clayey sands and sandy clays, with Ostrea, Carolia, and nummu- 
lites, weathering with a vertical face. In some bands large numbers of small and 
large nummulites lie embedded in every position, as if tossed about by currents during 
the process of becoming buried by sediment. Gypsum occurs in thin veins and often 
encloses the nummulites 36 

6. Hard markedly-white nummulitic limestone full of JV. gizehensis and other species 

(iV^ curvispira, etc.) ; the rock usually has a dark brown colour when freshly frac- 
tured. A shelly band rich in corals occurs nine metres from the top. The upper 
part is more marly and less nummulitic than the rest of the bed. Base invisible. ... 30 

Total thickness of beds in the above section 129 

The following is a section of the beds exposed in Wadi Muela compiled from a 
paper by Mayer-Eymar on this oasis : — 

Top. Metres, 

f White siliceous cavernous limestone with Lucina glohulosa, Desh., Gisortia, 
Rostellana, Eschara Duvali, Michelin., (Probably "= bed No. 1 of our J. 

Rayan section) 10 

Id. { Greyish-yellow marl, rich in places with Ostrea Gumheli, Pecten moelehensis, 
May.-Eym., Vulsella chamiformis, May.-Eym., Velates Schmiedeli, Chemnitz, 

Cerithium fodicatum, Pleurotoma, Sorsonia, Fusus, Rostellana, etc 6 

'- Yellowish sandy marl, with small nummulites. 

f Yellowish marls, divided by one or two bands of red clay, with Nummulites 

gizehensis 7 

Ic. { Hard bedded clay 1 

Vari-coloured gypseous marls 4 

(Probably = beds 2, 3, 4 at J. Rayan). 
(- Very hard, rich greenish-grey, siliceous limestone with N. gizehensis, Pecten 
lb. \ comeus, J. Sow., and Lucina {L. consobrina, Desh., and L. Defrancei, Desh.). 4 to 5 
L L (Probably ^ upper part of bed 5 at J. Rayan.) 

There is a considerable difference in thicknesses between the above section and that of 
Jebel Rayan. Our heights agree closely with those of Schweinfurth, so that it is probable 
that Mayer-Eymar is in error, notwithstanding his challenge of Schweinfurth's figures 
in the paper mentioned. 
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B. — Ravine Beds. 

The beds of this series, consisting of gypseous clays, clayey marls, and white marly 
limestones, are met with bordering the cultivation on the east, west and north sides ; they 
pass under the alluvial soil of the cultivated land and are frequently seen in the bottoms 
of canals, and especially in the deep ravines known as El Bats, and El Wadi (Plates III 
and V). The relation of. these beds to the Rayan series below is well seen at the prominent 
outstanding hill Gar el Gehannem (Fig. 2) ; here the plain to the east and south is formed 
of the uppermost member of the Wadi Rayan series, a limestone full of Nummulites 
gizehensis. In the hill itself the latter is directly overlain by gypseous and glauconitic 
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sandy clays and marls, with hard intervening beds of yellowish, often marly, limestone. 
The upper beds consist of alternating clays, sa,ndy limestone and sandstone, at the top being 



Summit-of 
Sarel^ehafmem/ 



QcbOr 
^ 145 metres) 





el Q-urtuv 



1 70 metrejj 



Ufifier^bed xtf fiayjxn' Seriea 



Fig-. 2. — Section at (t:ii- hI (iph:inne^ni, -liDwiut^ the relation of the Watli Ptayan Serin.s to the Kavine Beds. 



a thick bed of the latter passing up gradually into the sandstones of the Birket el Quruii 
series. The following is the detailed section: — 

Sifmm.it of Gar el Irehaiiaem. Thickness in metres. 

1. Hard yellow and white lime.stoue crowded with shells, chiefly large individuals \ .1 

o£ Carolia placunoides and Ostrea Fraasi. Numerous nummulites in upper part... -a '^',} 

2. Limestone full of I'nrriiella carinifera, Ostrea Clot-Bey i l-£^ 1 

3. Brown clays I '^'2' ^ 

4. Shelly limestone with Carolkt, TnrritelUi. (hti-i^n, Cardita and Qermi'm (IJi/ilrac- 

tniia) 

"). Greenish clays 

Ij. Nummuliticlimestone with Carolia, Oervida and four species of 'Jwnitella... 

Light blue clays 

7. Light green and brown sandstone with irregular concretions j^ 
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<S. Brown shelly limestone full of Carolia placmwides, Ostrea Reilij 0. Fraasi, 
TwrWieZZa, 5aZaMM.? and nummulites 

9. Yellow sandstone with bands o£ shelly limestone crowded with nummulites, 
oysters, etc. Near top casts of Canlita, Carolia ; also Cerithium, Teredo, Ostrea, 
Pecten, PeWa, and echinids. Calcareous concretions near base 

10. Clays with much gypsum 

11. Yellow sandstone with Balanus. Bands crowded with two species of nummulites 

and [occasional oysters. In places the foraminiferal bands become highly calca- 
reous. Below similar, with hard compact grey bands and occasional fish-spines 
and teeth 

12. Similar to above, with numerous casts of Cardita, etc., and small Ostrea 

Argillaceous sandstone with thick stockwork of gypsum and calcareous nodules. 

13. Light yellow, brown, and greyish gypseous clays 

14. Yellow-brown sandstones and sand> limestones, often argillaceous. Fish-scales. 

Brown clays 

Yellow-white marls and marly limestone 

15. Hard light yellow shelly limestone, in part marly, in part sandy 

16. Ochreous-yellow, grey, and white clays and marls with gypsum 

17. Hard yellow-white shaly marl with numerous shell-impressions; much gypsum... 

18. Yellow marly clays ; soft yellow and grey-brown clays, dark sandy glauconitic, 

yellow, and black, clays. Zeuglodou remains fairly common. Shell impressions. 

Much gypsum 

Fairly hard yellow-white glauconitic marl 

Marly limestone with Ntimnnditen gizehensis forming top of Rayan beds. 
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The clays, marls, and limestones of the Ravine beds are generally found to contain 
fairly numerous shell -impressions, including Nucularia sp., Leda sp., Cardita sp., Corbula 
aff. pixidicula^ Lucina sp., Oudardia ovalis, Desh., Tellina tenuistriata,^ numerous small 
fish-scales, and occasional large teeth of sharks; while the skeletons of the toothed-whale 
Zeuglodon Isis are fairly common, although usually in poor preservation. 

In the ravine of El Bats, about one kilometre west of Sela, these beds (5-6 metres 
thick) are seen unconformably overlaid by 12 mtitres of false-bedded gypseous sands and 
clays passing up into the superficial cultivated loam. The junction of these alluvial 
deposits and the underlying Eocene is distinctly unconformable and an intervening pebble- 
bed is occasionally present (Fig 3). 

In the large ravine known as El Wadi, which traverses the west side of the cultivation 
of the Fayum, these beds are frequently well exposed ; their lithological characters remain 
very constant. Here, as in El Bats, they are unconformably overlain by a varying thick- 
ness of Pleistocene and Recent clays. Their surface, a plain of subaerial denudation, 
represents the original floor of the depression before the entry of the sediment-carrying 
water from the Nile Valley through the Lahun gap ; its irregularity is seen in Plate V. 

The plain bordering the cultivation to the east of Sela and Rubiat likewise consists of 
these same white marls with fish-scales, etc. ; they pass regularly under the cultivated land. 



1 BLANCKENHOEN, Neuet zur Geologieund Palaiiitnldijit' Jiynptens (II. Das Palasogea) Zeitschr. d. Deutsch. Geolog. Gesell- 
schaft, Jahrg. 1900, p. 446, has determined this as T. teiiuisti'intu. He refers to these beds as corresponding to the Tafla of 
Jebel Mokattam, but I regard them as probably representing a ooiisiderably lower horizon. 
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Shaly marls, gypseous clays, and chalky limestones of the same age are seen in, and to the 
south of, the railway crossing the desert between Sela and Medum. Eastwards they stretch 
into the Nile Valley, being found exposed along the desert-edge bordering the cultivation 
at Medum, Nawamis and Masaret-Abusia. 
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Cultivation' Surface,' 



1, Marsli and poorly cultivated land. 
RECENT I \a Cultivated loam. 

AND < 2. Sands and clays, with gravelly banils; ofte 

PLEISTOCENE / concretionary and gypseous beds. 

3. Pebble-bed marking unconformable junction. 



MIDDLE 
EOCENE 



Ravine J 
Beds- ) 



4. Gypseous sallferous marly clays, white marls 
and limestone with fishscales and Telliym 
Corbula, etc. 



Via. S. — Sketch-Section across Fl Bats, 1 kilometre West of Sela. 



The same beds are exposed immediately to the east of the village of Sersena, midway 
between Sela and Tamia. The}' are again well seen in the ravine below the last named 
village, and forming the narrow strip of the desert projecting into the cultivation as far as 
the northern end of the Tamia lake; they als(j occur on the shore of the latter at El Tuba, 
about 2 kilometres south of the village. At Tamia their exposure measures 25 metres 
in thickness. 

At various jioiiits along the north side of the Birket el Qurvln exposures of this 
series occur, the beds forming the lower sloping part of the cliffs overlooking the lake, 
as well as the l)ase of the island "Geziret el Qorn," although only the upper beds are 
visible above the water of the lake. Both here and along the northern shore of the lake 
they are for the most part hidden by the high level recent lacustrine clays, but where 
occasionally ex])osed their identity is certain, the characteristic small brown fish-scales 
being abundant, besides occasional teeth, with shell-impressions of the different genera 
enumerated above. 
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At the western end of the lake the Ravine beds form the lower part of the cliff as well 
as the plain to the south ; the underlying Nummulites gizehensis limestone not being 
exposed. The series consists of some 45 metres of white and grey shaly marls with harder 
bands of siliceous limestone intercalated throughout, one of which usually forms the 
uppermost bed. It is, in fact, the development in places of one or other of these hard beds 
of limestone near the top of the series that gives rise to the bold promontories, or horns, 
which occur on the north side of the Birket el Qurun. 

The greater part of the marls and clays met with from 18'5 to 112-5 metres below the 
surface in the boring at Medinet el Fayum in all probability belong to the Ravine beds. 

The maximum thickness of this series is 70 metres, measured at Gar el Gehannem. 

C. — Birket el Qurun Series (OpercuUna-NummuUte Beds). 

The above designation is convenient and applicable to these beds, which form the 
escarpment immediately overlooking the lake on the north side throughout its length. 

The group includes all the beds between those last described and the well-marked 
Qasr el Sagha series, homotaxial with the Upper Mokattam (the brown beds) of Jebel 
Mokattam, near Cairo. It thus appears to be the equivalent of the upper part of the 
white beds (quarried limestones) of the Mokattam section, although the lithological characters 
are entirely different, the massive limestones of Jebel Mokattam being represented in the 
Fayiim by an arenaceous and argillaceous series, deposited ])robably in water of far less 
depth. Where the different members of this series are well exposed certain beds are 
found to be characterized by the abundance of two forarainifera, the one a small thin- 
shelled Operculina (0. discoidea), and the other a small thick nummulite. ' The tests of 
these foraminifera sometimes make up entire bands of rock. In addition, the series includes 
certain beds which at times become Aery fossiliferous, and contain a well-preserved moUus- 
can fauna. 

The series is well seen in the desert separating the Fayiim from the Nile Valley ; on 
the south-east and east sides of the former ; along the northern boundary of the cultivation 
and the Birket el Qurun; and westwards in the cliffs to beyond the outlying hill-mass of 
Gar el Gehannem. 

The following section was measured on the south-west of the Fayiim, from Ezba 
Qalamsha (on the confine of the cultivation) to the ridge summit 5 kilometres to the 
south-east. 

Top. 

Summit o£ ridge 5 kilometres south-east of Ezba Qalamsha. 
Pliocene Raised Beach with occasional Ostrea rncullata, Born., made up of gravels with 
blocks o£ limestone. 

' The nummulites from the Birket el Qurfin series have not yet been critically examined. There appear to be several 
species present, including jV. Jjeauiiiunti, X. Suh-Beaumuiiti, y. Fraasi and X. SchweinfuHhi. In the Zeuglodon Valley 
12 kilom. W. S. W. of Gar el Gehannem, occasional individuals of X. gizelienfm occur in the basal beds. As there appears 
to be some doubt whether the four smaller nummulites mentioned above are specifically distinct we shall not attempt to 
discriminate too closely in the present report. 
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Metre 
38 

2 
2 
3 
17 
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4 
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1. Ochre-coloureJ calcareous sandstone and sandy limestone crowded with forami- 
nifera (_Y/n»/)((////('.^ /'/•((((,</, etc.), Ostrea, etc 

2. Sandy limestone, largely made np of forarainifera {OjifrrtiVnia di-^coidea ?) 

3. Sandy shale 

4. Sandstone, partly calcareous, with much gypsum 

Calcareous sandstone with concretionary weathering 

Shale with gypsum 

Calcareous sandstone 

Shale with gypsum 

Calcareous sandstone, hard and yellowish 

10. Gypseous shale with numerous small shelh (Tellina sp.) passing down into sandy 

limestone. (This bed is the uppermost member of the Ravine beds) 6 

Base, cultirafwii level. Total thickuess 78 

To the north of the Lahim pyramid the beds agree generally with the above. The 
following are the chief divisions here: — • 

Top of Silh. Metres. 

Gravel Terrace (Pliocene) 22 metres thick. 

1. Calcareous sandstone and sandy limestones full of nummulites ; also 0«<rea, etc 31 

2. Ochre-coloured calcareous sandstone or sandy limestone, often crowded with Opercu- 

lina discoidea and some JS^ummulites Friui.-</, etc 12 

3. Sandy limestone with small foraminifera at top and some shells. The upper part of 

this bed has been quarried 20 

4. Shales and shaly limestone ; gypsum — 

Total thickness 63 



The foraminiferal sandy limestones of this series are seen at points in the desert 
bounding the eastern margin of the cultivation, notably east of Sersena and at the top of 
the hill 15 kilometres north-east of Rubiat. 

The following section was measured at the prominent hills 17 kilometres 28° N. of E. 
(magn.) of Tamia: — 



1. Greyish laminated sandy clays with gypsum : Oxfrea band near top 

2. White sandy limestone with numerous badly preserved Ostrea. Pecfen, and other 

lamellibranchs 

3. Dark-brown clayey sands with yvjisum and grey sandy clays with obscure plants 

remains. C>ccasioiial O.sfren 

Hard, white, ■-andy linie.-tone with numerous (Jstn/a at top; soft clays with gypsum ... 
Greenish and brownish sands and sandy clays with band of sandy limestone near top... i 
Greyish-brown, impure, sandy limestone weathering into large globular concretions. ^ 

Shell imjiressions .._ J 

Sandy clays and marls alternating with impure limestones; much gypsum. Occa--, 

sional fish-remains and small oysters y 

Greenish sandy limestone with traces of shells J 

Finely laminated grey-brown clays with black carbonaceous matter and fish-remains; 

saliferous 

10. White sandy limestone 

11. Soft yellow sandstones, etc , 

■' ' I 

12. White marls with fish-scales, etc.; base not seen. (This bed, and possibly also 9, 10, ' 

11, should be reckoned as belonging to the Ravine beds) 

Total thickness 



4. 
5. 

6. 



8. 
9. 



Metres. 

7 



14 

1 



I 



14 



70 



— 4;'. — 

In the north of the Fayiim the series is characterized by the presence of one or more very 
constant well-marked beds of hard calcareous sandstone, which almost invariably weather 
into huge globular masses. These masses should be regarded as huge weathered-out 
concretions, rather than as water-rounded blocks, although no doubt in many cases their 
roundness has been increased by the action of the waters of Lake Moeris as the level of the 
latter gradually fell, and possibly still earlier during the invasion of the Pliocene sea ; from 
the latter time also may date the mUliona of parallel vertical borings with which these 
and other exposed rocks are often perforated. In the various places where one of these beds 
forms the present surface of the desert the concretions may be seen in different stages of 
exposure, from the initial, where only just the tops are laid bare, to the final stage where the 
globes are left completely weathered out, as seen in the illustration (Plate YJl). The ap- 
pearance of the desert when covered for many square kilometres with thousands of these 
blocks is more easily imagined than described. 

The lower beds of the Birket el Qurun series form the island Geziret el <,)()i-ii, and consist 
of clays and sandstones containing a considerable number of organic remains. These beds 
were collected from and examined by Schweinfurth ' in 1879, the mollusca being subsequently 
described by Mayer-Eymar,^ while the vertebrate remains, which included cetacean bones 
and numerous fish-teeth, were submitted to Dames. 

The following species were determined by Mayer- Eymar, who indicated that the fauna 
as a whole had a Bartonian aspect^ : — 

Upper Bed. 

Ostrea plirnta, Defr. y^^lliim pellucida, Dcsh. 

Area Edwardsl, Desh. Miufra coniprcssa. Desh. 

Lucina pomuin, Duj.'' ' 'orhula pi/.ridirnla, Desh. 

Luclria cfr. falnilata, Desh. ' 'ali/jitni'a trorhiforinis. Lam. 

Cardium ScJnceinfurthi, May.-Eyin. Tuvntelln angnlata. Sow. 

Cytherea JS'ewJioldi. May.-Eym. Fimla trirarimtfa. Lam. 

LowEU Bed. 

Astrohelia similis, May.-Eym. U.ffrea jirodnrla, Delb. et Raul. 

Go)iiastr«u coccJui, d'Achiardi. Isiintt'd/d cnjx'innlden, Braun. 

Heliastro'a acervularia, May.-Eym. TurnteUa carinifera, Desli. 

HeUastr(ra Ellisi, De£r. (AKtnra). Turrkella tniiisitoriu, May.-Eym. 

HeJia.-ttrcniflattL'vsi, May.-Eym. TuniteUa tiin-is. Bast. 

Ostrea digitalina, Dubois. Tnr/io F<irl:'ui>tii>ii, Def'r. 

Ostrea gigantea, Sol. Pleiirotoma, s]i. 
Ostreii loiigirosfris. Lam. 

' SCHWEIKFURTH, Op. cit. p. 139. 

2 ZiTTBL, Paloeontographica N.F.X. 3 (XXX) Die \'crdcineriiiirjeii iler tei-tidre Sr/iir/ifm ran iln- in-^lii-hen Tiisel ini 
Jiii-Iiet el (^vnui See, von Prof. Kail Mayer-Eymar. 

'It must be mentioned here, however, that more recently Mayer-Eymar speaks (\iih re/Irs Prclievches .siir le Ligtirieii 
et le Tungrien d'Egypte. Bull. Inst. Egypt., April, 1894, p. 216) of the Mokattam beds above (,>iisr el Siifiha. some 100 metres 
higher in the series, as Parisian, but does not explain these two conflicting determinations. It seems (iiiite rertain, however, 
that these island beds are of Parisian age, and not Bartonian as stated by him. 

i Lucina 2>hara(mls, 'Sell., {L. pom'um,Ma.y. Eym. not Dujardin) see Oppenheim, Xnr A'cniit/iix alttertidrer Fannen in 
^Tlgypten, Palaeontographica, JBd. XXX, III, p. 124. 
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The cetacean remains, belonging to the geiuis Zeuglodo)i,were described by W. Dames,' 
who compared them with the American species Z. macmspondylus and Z. brncfn/s/Kiridylus^ 
but did not then consider them tn represent a new species; in a later publication,^ however, 
the same author described similar but more complete remains, also collected by Schweinfurth 
(from beds belonging to our Qasr el Sagha series), as a new species, Z. Osiris. A considerable 
number of fish-remains from Geziret el Qorn are also described in the earlier publication. 
Although the difEerence in size of the bones of separate individuals was considered by Dames 
to be sexual, it seems probable that there are two distinct species of Zeuglodon, as the 
Miuiller type a]_)]>ears to have a much greater upward range than the larger'; both species, 
Z. Osiris, and Z. fsis occur in the Birket el Qurun series, and a very fine mandible of the 
larger was obtained from these beds in the clifEs near the west end of the lake.* More recently 
a third species has been discovered by Stromer and described under the name of Z. Zitteli.'-' 



mtjns 35 



Surfoj:^ Jiirket «L Qura/\ 




Bed J ri>nUunuxg fossCb 
w list enumjfnted iiltoi% 
n/uia&c&d h/ Sdiwe-mfwlh 
in 1HJ9. 



Top (yf 
RoMne, Bsd<s ' 



\ '-.i 



Fig. -4. — Profile of beds of Geziii't el Qorn. 

1. Hard brown sand-rook with large (^onrretions of weathprpil globular sandstone on the summit: ferruginous nodular 
hands containinfr shell-casts occur iit-ar top. '1. Soft gypseous clays with bands nf sand-rock and sandstone with Ostrea, 
('urd'iiim Si-liirpinfiirthi. Ttivr'itella. i-ur.ils, i'etfi/Wdw, chelonian and fisli-rHuiains. 3. Brown sand-rock. 4. Soft gypseous clays and 
harder brown sandstones. .'). White shaly marl with flsh-scales ; hard band at to|i and soft sandy shaly clays below. 

The surface-slope is much less than shown in sketch and is generally covered by a deposit of lacustrine clays 
containing freshwater shells and fish-bones. 

The accompanying profile (Fig. 4), measured during a hurried visit t6 the island for the 
purpose of correlating these beds with those of the mainland, shows the character of 
the lower beds of the Birket el Qunln series at this point. ^ 



1 Dames. I'ber fine Teiimn' Wir/ielf/ih-r Finimi run ilrr irn-t/irhen Iii.iel dcx Birliet el Qurun in Faijum (^Egi/pten'), 
Sitzungsher. Akad. Wissensch.. Berlin, IX.SH. 

^rin'r Zeuf/liiiliinten aus .Ftjiipten und die Bezielmniien dei- An-hieiiceten .-« den uhrigen Cetacean, Pahc(intologische 
AbhiindlMniieii von W. lAiDies und Ka\ser, I. V. ."., .Jena, 1894. 

3 We propose to refer to this s|jecies as Z. Isis. See (ieol. Mag. Xo. 47a, Dec. V, Vol I, No. V, Hay 1904, p. 214. 

< See also, Stromer von B.eu:h.enh:wh,Zeufflodiinten-Iieste aus dem uleren. MittrUwiin des Fayum, Bayer Akad. WisBensch. 
Bd XXXII, 1902, pp. 341-3.')2. 

•- Erxest von Stromer. Zeutjlodon-reste au.s dem oheren Mittehvcau de.i Fayum, Beitrage zur Paliiontologie und 
(ieologie Osterreich-Ungarns und des Orients. Band XV. Heft II and III, p. K2. 

Also Kiniges ilher Bau und SfeUuufi der Zeuglodotden, Zeitschr. d. Deutseh. geolog. Gesellsch. Jahr. 1903. 
Compare Fraas Seue Zenrjlodunten aus dem Cnteren Mitteleucan rom Mokattam lei Cairo. Gfto\. u. Paloeont. Abhand. 
Xcne F.ilge Band VI Heft 3. .Jena 1904. 

«As the fossils occurring in these beds had been collected and descrihcd by Schweinfurth, Dames, and Mayer-Eymar, 
the writer did not spend further time on the island than was ne,;essary for correlating the beds with his classification. 
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The upper beds of the Birket el Qurfln series in this part of the Fayum are litho- 
logically similar to those just described, consisting of alternating clays and sandstones, 
about 37 metres thick. They are, however, generally much richer in fossil remains, which 
are likewise usually better preserved than in the lower beds. Some of the brown sandstones 
of this series are literally crowded with perfect examples of many of the typical mollusca; 
and further west, near the end of the lake, foraminiferal bands again become noticeable. 
Near Dime the escarpment of these and the lower beds is gentle and inconspicuous, but fol- 
lowed westwards it becomes a bold precipitous cliff, increasing in height towards the 
western end of the lake, where it is capped by the lower beds of the Qasr el Sagha series. 

The following section was measured on the mainland ' opposite the island Geziret el 
Qorn. 

Top. Metres. 

1. G-ypseous clays, separated by a band o£ brown sandstone crowded with white well- 

preserved shells, inclnding numerous individuals o£ Plicatula polymorpha, Ostrea, 
Turritella and Lucina pJiaraonis. Large vertebrae o£ Zeuglodon Isis occar on this 
horizon further to the north-east 8 

2. Sandstones and gypseous clays. Although here the sandstones are not hard or 

predominant, this bed is equivalent to the hard sandstone full of borings capping 
the plain between the ruins of Dim6 and the top of the escarpment overlooking the 
lake. Further north this bed often contains numerous Carolia placunoides and 
Ostrea 3 

3. Gypseous clays 3 

4. Clays, brown sandstones, and occasional beds of limestone, often very fossiliferous, 

containing Ostrea Reili, Carolia placunoides, Cardita Viqtiesneli, d'Arch., Lucina sp. 

Tarntella pharaonica, ' Clavelithes longcevus, Qerunia cornuta, etc., etc 10 

5. Clays with fossils as in last bed, capped by hard band of shelly sandstone 3 

6. Alternating yellow-brown sandstones and gypseous clays 10 

Total thickness 37 

Bed with weathered-out sandstone concretions at top^upper bed of section at Geziret el Qorn.' 

At the western end of the Birket el Qurun the series is well marked, the sandstone beds 
forming the steep face of the bold precipitous cliffs which are so marked a feature at this 
end of the lake. The group has a thickness of some 50 metres and is overlain by the lower 
beds of the Qasr el Sagha series ; it is more convenient here to give the entire section of the 
clifEs down to the base of the series under discussion : — 



' CossmanQ has recently described some Middle Eocene shells collected from the same locality, near Dimg, in a 
publication entitled Additions a la Faune Nummulitique d'Egypte, le Caire, 1901. 

* T. pharaonica, Cossmann. A new species; apparently this is the form quoted by Blanckenhorn and Mayer-Eymar as 
T. angulata. According to Cossmann, however, T. pharaonica differs from T. angulata in several particulars, especially in 
being more thickset. 

' Blanckenhorn, thinking that the bed capping the island of Geziret el Qorn is identical with that forming the plain 
around and to the north of Dimg, has, in a section recently published (_Keues zur Geol. u. Pahcnt. JEgypUnt, IV. Das 
Pliocdn, etc., Zeitschr. d. Deutsoh. geol. Gesellsch., Jahrg. 1901, Taf. XIV, fig. 2), inserted a number of faults letting the 
beds down continually to the south. The beds however are not Identical, and no faults occur. 
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Top of aiff.1.- 

1. Hard grey sandstone and shelly limestone passinii up into calcareous sandstone 

(forming surface of plain dipping north). 

2. Impure sandstone with numerous fossils :--Q('r//n/a corn uta, corals, Ostrea Reili, 

0. Clot-Beyi, Carolia placiniokhs, Pliratiila poli/morj>ha, Cardita(? fajmnensis) 
sp., Clavelithes longcfviis, iSerpnla, etc. 
3,4. (Jlays with band of argillaceous sandstone. Septaria bed near base. Fish-remains. 

5. Earthy limestone crowded with Ostreu Clot-Beiji. 0. sp., Plicatula poli/morpha, 

Pecten sp., Lantia sp., Cytherea sp., Tin-ritella sp., ]S'onloiiimi sp., Oliva sp.^ Pleii- 
rotoma sp.^ Vermetus sp., JVaiitilus sp. 

6. Thin-bedded clays, grey with yellowish band, sandy clays interbedded with soft 

whitish sandstones with small irregular concretions. Clays, gypseous and some- 
times carbonaceous. 

7. Shelly sandstone, hard on upper surface and very fossiliferous (forms similar to 

Bed 9). 

8. (gypseous clays. 

9. Thin ("25 to '5 metre) hard dark reddish-brown, very ferruginous, concretionary- 

weathering sandstone with nunimulites and Operculina and well-preserved examples 
of Qernida eoriiiita, Pecten sj)., FcctiiiKiiliis sp., Veivis sp., ('ardita Viquesneli, 
AMarte sp.. }r(icrofolen Hollnwaysi, LnciiiK <-\k, Xutira S]i., Cefithium sp., < lareUthea 
lotigcrras, Volnta ^\>., Dentaliinn ^\) 

10. Hard purplish clays 

11. Soft yellowish sandstone with Osfcea sp.. Card'ita fpgyptiaca, Liirijia s^./Turritella sp., 

and sharks' teeth. Upper surface tends to become dark, ferruginous, and concre- 
tionary 

12. Purple clays, with .strings of gypsum 

13. Soft light-yellow sandstones with harder shelly bands and occasional concretionary 

beds, forming vertical cliff-wall 

14. Grey and brown clays 

ItiniHe Befl.i. Total 



Metres. 
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In the cliffs west of the end of the lake the upper bed No. 9 contmues highly fossih- 
ferous and yields the most perfectly j^reserved molluscan remains to be found in the 
Fayum and probably in Egypt. 

A few kilometres east of the end of the lake a band of large globular concretions occurs 
in the thick brown sandstone forming the vertical face of the cliff. In many places the 
effect of weathering of these rocks is of some interest, numerous "earth-pillars" having 
been formed ; these are largely the result of the action of blown sand, assisted by rain, 
the concretions being left capping pillars of brown sandstone, the sides of which are 
sculptured by the wearing action of sand. The curious perforate or cellular appearance 
which the weathered surfaces of this sandstone assume after long exposure are particularly 
noticeable in this neighbourhood and in the Zeuglodon Valley further west. 

In the well-marked hill distant 17 kilometres to the north-east of Gar el Gehannem, 
the soft fossiliferous sandstones of this series are crowded with Operndina, Xummtdites, 
and many species of mollusca beautifully preserved. 

At <Tar el Gehannem the series is seen (Fig. 2 and detailed section page 36) forming 
part of the slope of the hill, underlain by the RaAane beds, and capped by part of the 
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Qasr el Sagha series. It here consists of yellow sandstones divided by a bed of clay; 
the sandstones are often crowded with nummulites (of two species); also Operculina 
{discoideal), echinids, Balanus sp., Ostrea Reili^ O. Fraasi, Carolia placunoides, and 
species of Peeten, Pinna, Cardita, Teredo, Turritella, and Cerithium. 



Cliff Mmmit 137-metnei abov^ Jdke> 




(50"') 



North 



(^45'^ J 



South 



rSwface of the 
Jiinhet cl (]iiru4i 



Fig. 5. — Section of cliffs, western end of the Birket el Qurun. 

Pleistocene. — (a) Lacustrine clays and sands with freshwater shells and flsh-remains; Midille Eocene, 1. 14 Clays, sandstones and impure Umestones: 
15 White shaly clayw and marly limestones. 

In the Zeuglodon Valley, 12 kilometres W.S.W. of Gar el Gehannem, the brown 
sandstones of the Birket el Qurun series are divided by a narrow band of fine- bedded grey 
clay. Most of the fantastically shaped hiUs on the south-west slope of the valley are 
carved out of the lower division of the sandstone. The concretionary beds of the Birket el- 
Qurun series are not developed in this neighbourhood. Remains of Zeuglodon of both 
species (^Z. Osiris and Z. Isis) are remarkably abundant and the skeletons of these cetaceans 
may be found in every stage of weathering. The larger species, Z. Isis, is the more common, 
and series of vertebrae, twelve to fifteen in number, can frequently be counted in situ. The 
remains are most abundant enclosed in the hard brown nodular bands of the series but in 
such cases it is almost impossible to extract specimens of any value. In one instance an 
almost complete skull of Z. Isis, measuring 116 cm. in length, was found enclosed in a 
large block of the nodular rock.^ Bones are frequently to be observed protruding from 
the wind- worn sides of the small hills, while those portions of the skeleton already weathered 
out litter the ground below. Exposed they break up with rapidity, although where the 
enclosing rock is softer than the bone itself, parts of the skeleton beautifully preserved and 
perfectly free from matrix may sometimes be obtained. 

* This block was far too large to transport by camel, but it may b« feasible to effect its removal to Cairo by cart 
when opportunity offers. 
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The molluscan fauna is represented by very large numbers of pseudomorphs in 
sulphate of strontium (celestine) of the genera Lucina, Turritella, Fusus and Nautilus, 
the profusion of individuals of a species of the latter being very marked. In the case of 
lamellibranchs the radiating bundles of crystals of celestine are seen to originate from a 
point placed centrally on one of the valves, so that on this side (of a slightly weathered 
example) a radiating mass of crystals is seen, while on the other appear numerous contiguous 
circular areas, representing the terminal ends of the bundles of crystalline fibres or needles. 
Apart from the quantities of organic pseudomorphs, masses of crystalline celestine occur in 
the sandstones throughout the valley, and altogether the quantity of sulphate of strontium 
present must be very great. The gigantic oysters and other fossils which occur in some of 
the overlying higher beds, and the numerous individuals of nummulites in the sandstone 
itself, never seem to be replaced by celestine. 

Nummulites of two species are very abundant in some bands and the presence in the 
Zeuglodon Valley of occasional individuals of the large X.i/izrh/^nsis shows that in favourable 
localities this species persisted throughout the time represented by the deposition of the 
Tiavine beds and ranged upward into the basal members of the Birket el Quriin series. 

In the higher hills within the valley, and in the hill-mass on the south side, the yellow 
sandstones of the Birket cl Qurun series ])ass up into the basal members of the Qasr el Sagha 
series. In their upper limits the siuidstones l^ecome very nummulitic in places and at the 
top bands made up of CaroJia and Ostrea occur. Above these, in the basal members of the 
Qasr el Saglia series, huge oysters and finely preserved specimens of (lerunin roniufa 
are cons})icuous. 

The dip in the valley is 2° north. 

The southern face of the hill-mass lying immediately to the south of the Zeuglodon 
Galley is an almost sheer cliff of over 100 metres, descending to the silt covered basin below 
which has alreadv been noticed (page 23). On this escarpment the hard nodular marly 
limestones of the Kavine beds are seen near the base, overlain by a mass of grey shaly 
gypseous beds ; above, forming as a rule a vertical wall of rock, lies the hard massive brown 
sandstone of the Birket el Quriln series, here undivided by clays ; at the top, highly 
fossiliferous alternating clays and limestones are found forming the summit of the hills. 

The exact junction between the Birket el Qurun series and the overlying Qasr el 
Sagha beds is naturally perfectly arbitrary, many of the fossils being common to both 
groups. ('ariilia placinioiihs, which is perhaps the most abundant fossil in the Qasr el 
Sagha series, is sometimes very common in the upper beds of the underlying group, and, 
as shown before, is common enough in the still lower Nummulites gizehensis beds of Wadi 
liayan. So that, though this fossil itself is no criterion, its relative abundance in the upper 
series justifies those beds being called the " Carolia beds," the additional name of the 
Qasr el Sagha series being taken from the old ruin of that name where these beds are 
fully seen. 
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Z>.— Qasr el Sagha Series (Cnrolia Beds). 

This division is strikingly developed in the north o£ the Fayiim^ where it forms a 
bold escarpment of great length, consisting of an alternating series of very fossiliferous 
clays and limestones, with sands and sandstone in the upper beds, of a total thickness of 
175 metres. 

This series is the equivalent of the well known Upper Mokattam beds of Jebel 
.Mokattam, immediately to the east of Cairo. The cliffs of this hill are among the best 
known in Egypt and have been studied by many geologists, including Zittel, Schweinfurth, 
Mayer-Eymar, etc.; these authors have classified the whole of the Upper Mokattam of 
Cairo as equivalent to the Upper Parisian (Middle Eocene) of Western Europe. The series 
is far better developed in the Fayiim than at Jebel Mokattam, where the total thickness is 
only some 70 to 80 metres. 

In consequence of the discovery in these beds of a highly interesting Acrtebrate fauna, 
including land animals, the series becomes of the greatest importance. As already men- 
tioned, as long ago as 1879, Schweinfurth, during a journey across the Fayum, obtained 
remains of Zeuglodon in the underlying, series from the island in the Birket el Qurun. 
Subsequently ' he obtained additional remains of the same cetacean in a \'iolet marl belonging 
to the present series, from alocaUty 12|^ kilometres west of Qasr el Sagha ^; these remains, 
as already mentioned, were described by Dames as Z. Osiris. Since then important finds 
of land and marine mammals and reptiles have been made in different beds of this series ; 
these will be referred to later. 

The outcrop of the Qasr el Sagha series occupies a large part of the northern desert 
of the Fayum. The beds are, however, best seen in the cliffs about 8 kilometres north of 
the Birket el QurAn, where they form a steep double escarpment, running east and west, 
nearly parallel to the northern shore of the lake. The dip of the series being northward at 
a very low angle, and the upward slope of the ground being in the same direction, this 
cliff dies out a few kilometres north-east of Qasr el Sagha. A little further north, however, 
a N.W.-S.E. fold and fault again exposes nearly the whole of the beds of the series, forming 
prominent cliffs as before. 

In the conspicuous hill 17^ kilometres 28° N. of E. (magnetic) of Tamia the series 
consists of innumerable alternations of clays and sandy limestone. The calcareous beds 
nearly always contain numerous examples of ( 'arolia jjlacutioides, Ostrea and Turritella 
of several species, but other well-preserved fossils are rare. The exposed beds here have 
a thickness of about 55 metres, and are underlain by the Birket el Quriin beds with a well- 
marked band of concretionary sandstone, the thickness of the two series together being 127 
metres. The upper beds of the former series are not here exposed, the top of the hill being 

1 SOHWEINFUETH, op. cit. p. 139. 

s A ruin discovered by Schweinfurth in 188('i imd Iience often spolieiL of aa ''Schwcinfurth's Temple." Nothing certain 
is linowii as to its age or former use, but we may infer from its situation just beyond the limits of the high-level lacustrine 
clays, that it was built and inhabited only while Like Mrcris stood at its highest level. 
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formed of well-rounded flint and quartz pebbles embedded in a base of finely crystalline 
gypsum (2 metres thick), a deposit of Pleistocene times. 

To the north of Tamia a large area of desert is occupied by the beds of this series ; 
the district has the character of an undulating plain with occasional groups of hills and 
low irregular escarpments. At the groups of hills 12 kilometres N.N.E. of Tamia, and 
just to the east of Garat el Faras, the Qasr el Sagha beds are found to consist as usual of 
an alternating series of sands, sandstones, clays, marls and limestones, with numerous 
individuals of Ostrea, Carolia and Turritella, besides vertebrte, teeth and spines of large fish. 

We may pass now to the locality where this series shows its best development and 
exposure, the beds being all concentrated in one bold escarpment, generally divisible into 
an upper and a lower cliff. These cliffs overlook the Birket el Quriin, although distant 
usually about 8 kilometres, being separated from the lower escarpment of the Birket el 
Qurun series (immediately above the lake shore) by a broad plain, the surface of which is 
usually the dip-slope of a hard bed of sandstone. From Qasr el Sagha (6J kilometres 
N.IST.E. of Dime) these cliffs trend westward, keeping approximately the same distance 
from the north shore of the lake; they have been followed and mapped for a distance of 
70 kilometres to a point 13 kilometres N.N.W. of Gar el Gehannem, whence they could 
be seen still trending in a direction slightly south of west (see Plate XYII). 

Small faults are of frequent occurrence along these escarpments, but are not of other 
than local interest ; they almost invariably have their downthrow to the north, and it seldom 
exceeds a few metres. Fig. 5 shows a section through one of these faults near Qasr el Sagha. 

The following detailed section (Plate XXIII) will show the character of the beds forming 
this division. As might be expected in such a series, although the calcareous bands are 
fairly constant, there iis a continuous change of character among the sandy and clayey 
sediments from point to point ; the false-bedding is in places very striking. 

The main part of the section was measured 3J kilometres north-east of Qasr el Sagha, 
but the lower beds not being exposed at that point, they were added from the cliffs at the 
ruin itself. The total thickness is 154 metres. 

Thickness 
Toj). in metres. 

1. Hard, white, gicy-weathering, sandy limestone with numerous shell-casts: Echino- 

lampas Crameri, Loriol, Plicatula Bellardi, May.-Ej'm 2 

2. False-bedded sand and sand-rock with ^jre}- and green clays; concretions and bands 

of ironstone. 
Hard, dark-brown or purplish ferruginous sandstone band. Occasional vertebrae of 
Zeuglodon Osiris, Dames, Pterosphemis (Mceriophis) Schiceuifurthi, Andr., crocodilian 
and fish-remains; coprolites 1(> 

3. Hard, calcareous, ferruginous, clayey sandstone with brown ironstone concretions. 

Occasional fish-spines. 
Clays with massive veins of gypsum forming a stock-work, and left weathered out 
above surface. Cardimn Schwein.furtlu, May.-Eyni., Cardita fajumensis, Oppenh., 
{Coss)iKvime.U<L cegyptiaca, May.-Eym '), ('rassatellitlies sp '.^ 

4. Hard, yellow, gypseous sandy limestone or calcareous sandstone li 

5. Sandy, glauconitic clays with gypsum ; oyster-bed at base in places. Alectryonia 

Clot-Beyi, Bellardi, Exogyra Fraasi, May.-Eym 10 

' See OPPENHEIM, oil. eit. p. 105. 



2nd esoarpmsnt. 

f). Hard or friable limestone, sometimes sandy, full of Cai-oiia placunoides, Caiitr., and 
Exogyra Fraasi, also Ostrea aff. heteroclyta, Defr., Ostrea RAli, Fraas., 0. elegans, 
Desh., PUcatula Bellardi, May.-Eym., Pectunculus (0 cpgyptianis, Oppenli. Qenm'ia 
{Hydractinia) cornuta, MaJ^-Eym 2 

7. Purplish clays interbedded and remarkably current-bedded with ash-grey sands, with 

both ferruginous and highly carbonaceous bands with plant-remains, lignite and 
natural charcoal. Vertebrate remains fairly common, the mammalian including 
Zeiiglodon Osiris, Eosiren libyca, Andr., iMieritheriinii Lyonsi, Barytherium? Andr.; 
the reptilian Stereogenys Cmmeri, Andr., and Tomistoma africanum, Andr., with 
numerous coprolites; also frequent remains of siluroid and other fish. Masses of 
coral, Astrohelia similis, Felix, in i)iaccs 12 

8. Hard grey, close-grained, concretionary sandstone, frequently weathering into huge 

elongated rounded masses ; TiirriteUa pharaoniva, Cossm. 
Hard, purplish clays witli grey sandy clays, sandrock, cU: Occasional crocodile 
and fish-remains 4 

9. Hard ripple-marked sandstone P\lse-bedded sandstones with clay partings ; fer- 

ruginous and lignitic bands with lumps of lignite. Occasionally coprolites and 
remains of Sirenia and Crocodilia are numerous 7 

10. Hard or friable brown sandy limestone with shell-casts filled with scalenohedra 

of calcite. Carolia placidnndes, Tio-ritelhi »\\ ^ 

11. Grypseous clays^ with red ferruginous band ; weathering to paper-shales below 4i 

12. Light-yellow limestone and calcareous sandstone Avith sharks' teeth, Mi'S((li(i fusrittta. 

Lam., Cassidatia sp., liimella rimosa, Sol., 'rritchcloclietiis hifuhernihifiis, ( lossiii., 
Turritella carinifera, Desh., T. Lessepsi, May.-Eym., Cardita fajamensis, Oppenh. 

Goniopora? 1 

1.3. Slate-blue and brown gypseous cla3s with band containing Mi'sn/in sp.. ( 'dssiddrin 

nilnfira, }ie.]\., J^J.rogyra Eraasi and Goniartra elegans .'{ 

14. Sandstone and sandrock, light yellow 1 

15. Yellow sandy friable limestone with casts of shells and M('sali<( fasriufd, M. o.rycrepis, 

May.-Eym., l^iirritella Eessepsi, T. pharaouica, ( 'iissni.. Alert ri/oiiiu Clot-Eeyi, 

Ostrea Reili ^ 

16-17. Sands, sandy clays and clays with a double band of limesl-one containing AnijuilliiKi 
hybrida, Lam., Meloitgenn iiilotiea, var. hirarinKta, Mu\'.-Eym., Tiidirla aff. innhili- 
raris, May.-Eym., Tumtelln Lessepsi, T. purisidtui, May.-Eym., Solarium sp., 
Alectri/onid Clof-Beyi, Plieatula polymorpha ( occasional ), Luciini fortisiinHi, Defr., 
L. pliaraonis. Bell., Mytilns njfiiiisf J. and 0. Sowerli}-, Astrohelia similis, (roniaraii 
elegans, Mich.; numerous vertebrate remains both above and between limestones 
including Zeiiglodon Osiris, Eosiren lihyca, Barytherium graiv, Andr., Moeritherimn 
Lyonsi, ^J. gracile, Andr., Gigaidophis Garsfini, Andr., Pterosphenus Schweinfitrthi 
and Tomisfinna u/riraniiin, Andr. The remains of a siluroid fish are abundant; also 
Propristis Schiceinfurthi, Dames. Large numbers of coprolites. Silicified wood. ... 12 

18. Brown sandy limestone with casts of shells, Ahera aff. striatella, Lam., AmpiiUaria, 

n. s]i., Gisortia gigantea, Munst., Lanistes antiquus, Blanck., Meloiigena nilofica, \nr. 
hicarinata, Mesalia sp., Cassidaria nilotica, ('. aff. nodosa, Solai'inm aff. bistriati./m, 
Desh., Alertryonia Clot-Beyi, Cardium Schweinfiirthi, Exogyra Fraasi, Lnciiia 
pharaonisj Bell., Macrosolen Hollowaysi, J. Sowerlty, Meretri.v nitidula. Lam., 
J/, parisiensis, Desh., Ostrea HabeUnla, Lam., Tellina sp., overlying clays with 
gypsum 

19. Sandy limestone with numerous Carolia ]>laciuioides and 'J)irritella imbricataria, Iauu. 1 

20. Greyish-blue and brown ferruginous, sandy, and other clays. Plant remains 18 

21. Friable shelly limestone with occasional small calcite veins h 

22. ('lavs '. 1 
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23. Hard yoUow sandy limestone with Oitrea and Anisa.sfer (Agassizia) gihherulus ... ^ 

24. Clays with thin bands of fibrous gyjisum •* 

2'}. Hard friable shelly liincstoni^ with numerous fossils, including Victyopleurus Haimi, 

Dune, and Slad. ; Akem aff. striatella, Turritella carinifera, T. imbricataria, 
T. /)liHrai>nUu, Alectryoida Clot-Bei/i, Area tetht/ts, Oppenh., Cardita aff. carinata, 
J. Sowerby, C. aff. depressa, Locard., C. aff. triparticostata, Oossm., C. of. gracilis 
and depressa, Locard., Cardita fajumensis, Cucullrea aff. crassatina. Lam., Exogyra 
Fraasi, Glycimeris (Pedunculus) pulvinatus. Lam., Ostrea aff. Reili, Spondylus 
cegyptiacus. Bull. Newt., Pecten solariolum, May.-Eym., P moelehensis, May.-Eym., 
Qerunia nirnnta^ Euspatangus cairensis, Loriol, Linthia sp., Anisaster gihherulus, 
ScJiizaater ixS. afriratius, ljOT\o\\\iryo7,oa. 5 

26. Sandy clays with gypsum ^ 

27. Friable, gypseous, impure limestone with Exogyra Fraasi, Carolia placunoides, Tur- 

ritella sp., (Qerunia cornuta, Alectryonia Clot-Beyi 5 

28. Sandy gypseous clays ^ 

29. Friable sandy limestone with Carolia placunoides, Exogyra Fraasi, Turritella sp. 

(The ruin of (^)asr el Sagha is built on this bed) 1 

30. Gypseous sandy clays with occasional oyster-limestone with Qerunia cornuta; 

ferruginous sandstone band, etc 27 

Total 154 

Hard grey sandstone with Zeuglodon and numerous Carolia, Ostrea, etc., in places, capping plain to 
south of Qasr el Sagha and forming the top of the "Birket el Qurun series.'" 

The chief dixisioiis of the series remam fairly constant and can be recognized and 
followed for many kilometres westwards.' The lower beds form the summits of Gar el 
Gehannem and the neighbouring hills (see Fig. 2 and section p. 36), the upper beds of the 
series being exposed in the higher escarpments to the north. 

Although vertebrate remains are more common on some horizons^ than (jn others, thej' 
are occasionally met with in most < if the beds. The most prolific bone horizon is, however, 
about half-way d(jwn, i.e., those beds numbered KJ and 17 in the above section; bed 7 also 
yielded a number of remains. At the point where the upper part of the section was measured, 
3J kilometres north-east of Qasr el Saghi), tlie beds 16 and 17 yielded a considerable 
number of land-animal remains, all of which occurred within a fairly confined space, 
suggesting that they had l)een carried out from the land tu this point liy a strong river- 
current and <le])osited when the latter became too feeble to carry them further out to sea. 
The same beds were also examined in the faulted bay 8 kilometres to the north, but no 
bones, or at most a very occasional fragment or two, were obtained here. This is easily 
explained by the greater distance (jf this locality from the land-mass U) the south. West- 
wards the sam<' beds were always found more or less bone-bearing, isolated detached 
mandibles, limb-liones and vertebras of Maritheriiim, being of frequent occurrence, although 
no such complete i-ciuains were found as those from near Qasr el Sagha. Reptilian and fish 

1 Details of a sn-tioii of the lowur beds of thi.-i group near the end of the lake have already been given ou p. 44. 

2 As might be I'xpe'tcd, vertebrate remainn occnr chiefly in the sandy and clayey beds. Skeletons of marine animals such 
;iH Zeuglodon and Ensifni may, hmvi'vi'i-, be frequently observed embedded in the hard intercalated limestones. Limestone 

cranial-casts of these animals are thus sometimes found, iind one of these has already been figured and described (Elliot 
Smith, The llnnii nf Die An-hfeonii, Pi-oiccdings Royal Society. Vol. 71, pp. .S22-331. Some most beautifully formed casts from 
one of the limestone beds wiri' eventually determined by Andrews to be casts of the air passages of crocodile skulls. 
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bones are very widespread throughout the area. An extensive and detailed examination of 
these beds over a large area can hardly fail to yield important results, as other localities 
where skeleton-carrying currents came out from the land would very likely be discovered. 

That the Qasr el Sagha series was deposited in fairly shallow water at no great distance 
from land seems certain, not only from the general lithological character of the beds but 
from the number of land-animal remains and the frequency of river and shore -frequenting 
whales, dugongs, crocodiles and turtles. The clays, moreover, are found to abound with 
impressions of plants, and in some cases are highly liguitic, being made up of compressed 
masses of vegetation including solid twigs, now found in a state more resembUng charcoal 
than ordinary dense lignites ; some bands approximate to an impure brown coal. In certain 
beds of the series further to the west, very thin seams of true coal occur; they were, however, 
never seen to exceed one or two millimetres. The intercalated bands of limestone are 
generally impure and do not indicate any great conditions of depth, but only rather a 
temporary cessation in the supply of sand and clay. Corals, moreover, abound along many 
horizons. 

Section XI.— UPPER EOCENE (BARTONIAN)— LOWER OLIGOCENE. 

E. — Fluvio-Marine Series (Jehel el Qatrani Beds). 

Throughout the north of the Fayfim depression the Qasr el Sagha beds, forming the 
uppermost Middle Eocene, are followed by an unique series* of variegated^ sands and sand- 
stones, with alternating beds of clay and clayey marl. The ever-recurring bands of lime- 
stone, so common to the underlying marine beds, have now almost completely disappeared, 
being represented by only an occasional bed of calcareous grit, marl, or thin band of limestone. 
In the upper part of the series occurs a horizontal sheet of basalt,' in all probability 
contemporaneously interbedded; this forms a convenient datum line and may perhaps be 
provisionally taken as an arbitrary junction between the Eocene and Ohgocene. Although as 
a rule remarkably barren of organic remains, certain bands, especially in the upper part, yield 
numerous individuals of a few species of moUusca, including Luc/na, Area, Mutela, Spatha, 
Unio, Lcinistes, Turritella, Melania, Potamides, Cerithium and Pleurotoma. From such 
an assemblage we may without doubt conclude that the conditions under which the series 
was deposited were estuarine or fluvio-marine, and this is further proved by the non-marine 
lithological character of the beds. The enormous quantities of silicified wood which occur 
in certain beds, in the shape of hundreds of trees of great length and girth, together with the 
numerous remains of land-animals, crocodiles, tortoises and turtles, indicate that rivers of 
considerable size emerged from the land to the south, the coast-line of which was probably 

' Bchweinfurth appears to have been tlie first to examine tliese beds. 

? One would imagine that there must liave been a considerable amount of ferruginous matter in the water nt tlie 
time of deposition of the Fluvio-marine series, the prevailing colours of the deposits being red and yellow. 

' Mayer-Eymar appears to believe the depression of the Fayum is the result of the volcanic activity which produced 
these basalt flows. He says (op. oit. Mtirellcs recherches, etc., p. 218.) "Or, de cette extension extraordinaire du ph^nomfene 
volcanique dans I'ouest du grand desert, il est, en premier lieu, permis de conclure que I'est par suite de son action 
excavabte qu'a eu lieu I'effondrement rempli de nos jours, en partie. par le lac de Fayum." 

Personally, we cannot see the slightest evidence in support of this. Where the basalt occurs as a liard band it usually 
causes steep cliffs as at Widan el Faras, owing to its protecting the underlying beds from denudation. To the west, in Jebel 
el Qattan'il its thickness and hardness determine the character and steepness of the escarpment below. 
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not fiir distant. In fact the retreat of the sea, which as already mentioned, had probably 
Mh-eud}- begun in Middle Eocene times, was now still further continued, although the cause 
of this was apparently not so much due to elevation of the land as to the continued 
deposition of sediment from south to north beyond the land-shore. We may in fact regard 
the series as a huge delta deposit in an area of local depression, in which the great accumula- 
tion of sediment Ijrought down from the land continually caused the gradual retreat of the 
sea to the north. 

The same conditions Avould even appear to have cDiitinued on to Pliocene times, as from 
the Fayum northwards stretches an immense plain of lithologically similar rocks, evidently 
accumulated under similar conditions, and which appear to contain newer and newer faunas 
from south to north. Thus, while in the Fayum the remains are of Middle and Upper 
Eocene and Lower Oligocene age, when the latitude of Mogara is reached, some 70 
kilometres further north, a fauna distinctly Lower Miocene in aspect occurs ; further 
north again, as at Wadi Natrvln, Pliocene remains are abundant. We may hope therefore 
that this otherwise barren desert, when carefully and systematically explored, will yield 
ns a continuous record of the vertebrate life of the northern part of the African continent 
from Eocene to Pleistocene times. 

In the Fayxlm, over a length of 80 to 90 kilometres, the basal beds of the Fluvio- 
marine series, at a height of only a few meti'cs above the top of the Qasr el Sagha series, 
are frequently found in contain the remains of land-animals,often in sufficient ([uantities to 
form in places a true "bone-bed." Besides land-mammals, remains of large tortoises, turtles 
and crocodiles, are \"ery common, some of the latter being identical with those of the Qasr el 
Sagha series below. Chelonian and crocodilian remains are to be found on various horizons, 
but so far Udue Init fragmentary mammal remains have been observed in the higher jjarts of 
the series. It is interesting to note that the bones in these beds appear to be most common 
near the arcniuulations of fossil trees, thus suggesting that they were floated out from the 
land at the same time and by the same river-currents. The porous character of the sands 
and sandstones of this group has resulted in the remains not being in nearly so hard or 
durable a condition, except when coated with fei-rnginous sand, as those in the series below, 
although the actual state of preservation is even more j^erfect. 

Analysis shows that these bones, with the exception of the loss of all organic matter, 
ha\ e undergone xary little change. A sample examined by Mr. Lucas was taken from a 
typically preserved pelvis of Arsinoltherlv/m and ga\'e the following result : — 
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The following composition of the bones of an ox, from an analysis by Berzelius, is 
appended for comparison: — 

% 

Phosphate and Fluoride of Calcium 57-35 

Carbonate of Calcium 

Phosphate of Magnesium 

Soda and a little Sodium Chloride... 
Organic Matter 



It is curious that these Eocene bones should have so completely preserved their 
original composition considering the almost universal silicification of the trees deposited in 
the same beds. 

Most frequently the vertebrate remains are found in an unconsolidated false-bedded 
clean quartz sand, the grains of which are semi-rounded or angular; in some layers the 
sand is very coarse and polished, and mixed with fine gravel. These deposits of sand, 
apparently brought down by river floods, are not continuous along any particular horizon, 
but are intercalated here and there in the ordinary sandstones, clays and marls of the series; 
they occur chiefly, however, as local lenticular masses along a more or less constant 
horizon near the base of the series. The bone-remains are not absolutely confined to these 
deposits of river- sand, but like the silicified trees are far more common in them than 
elsewhere. Scattered mammal bones occur in the lower clays, marls, and hard con- 
cretionary sandstones, while the remains of aquatic animals, such as turtles and crocodiles, 
may be found almost anywhere. 

From an examination of the series in the field, there is no doubt that, in at least 
the centre of the area, the deposition of the lowest beds was continuous with those of 
the Qasr el Sagha (Middle Eocene) series below. Followed away from the centre (i.e. 
the district round Widan el Faras, the eastern extremity of Jebel el Qatrani) the series 
gradually thins out, and eastwards, at Elwat Hialla, some 23 kilometres north of Tamia, has 
a thickness of only 40 metres, the basal beds being apparently laid on to a bed of limestone 
of the Qasr el Sagha series about the horizon of Bed 12 in Section XXIII. The junction 
here is apparently one of perfect conformity as far as the individual beds go, and the 
peculiar sequence does not seem to be due to ordinary overlap ; it appears as if the change 
from marine to estuarine conditions had set in earlier here than further to the west, with 
the result that the upper Qasr el Sagha beds are wanting. Moreover, the accumulation of 
estuarine beds went on so slowly in this locality that the series does not attain to nearly 
its normal thickness, while further east it dies out altogether. The slight dip to the north 
is identical in both series, their lithological characters being, however, very different. 

Although the Qasr el Sagha series contains numerous bands of clay and sandstone, 
the continual recurrence of thick beds of limestone at once gives it a distinguishing feature 
from the group under discussion; the latter is in fact characterized by the highly-coloured 
sandy, and to less extent clayey, character of its beds. While the Middle Eocene is essen- 
tially marine, the succeeding formation marks the retreat of the sea and the incoming of 
estuarine and brackish water conditions. 
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Before discussing the age of the Fluvio-marine series it will be well to describe its 
development in the field. The beds of the com])lex are throughout the district always 
found following on above the (J;isi- el S;igha beds, although their thickness varies considerably, 
as might be expected in a scries of this nature. The most easterly locality to which the for- 
mation was ma])])cd is the scarp 2'^ kilometres dne north of Tamia, known as Elwat 
Hialla. Here the beds form a separate t\scai-pment, consisting of only about 40 metres of 
sands and sandstone grit (si)metinies silicified) with |)icc<^s of silicified wood: some of the 
beds of sandstone have a concretionary stem-like wcatli(Ting. From this point these beds 
extend westwards far Ix-yond the western end of the lake, always forming the highest 
escarpments of the Fayiim depression. A kilometre or two from our most easterly point 
the first basalt sheets are seen, and these, preserxing the same level as far as can be 
oliscrved, continue some 60 kilometres further west, to a point nearlv due north of the 
western end of the Birket el Qurun. The series, onl}' 40 metres thick at the eastern end, 
gradually thickens as it is followed westward, until it reaches its maximum development in 
the cliffs of Jebel el (Jatrani, north-west of the temple of Qasr el Sagba, Avhere a thickness 
of s(ime 210 metres is attained. 

Just 29 kilometres N.N.E. of Tamia ((I kilometres N.W of the prominent western 
scarp of Elwat Hialla), a long hill offers a good s<'ction of these beds, which consist of n 
^■ariegated group of green sands, i-ed clays, coarse sandstoiies, red and yellow sand and 
sandstone, etc., capped by a band of hard impure vellowisb limestone with numerous 
enclosed sand-grains (calcareous grit). Near the sanic place is an interbedded sheet of 
basalt, which is sometimes followed b}- another band of impure limestone and the latter 1)\' 
false-bedded sandstone. Hug(> logs of wi^athcred-ont silicified trees are seen sti'cwn about. 

The following is a detaileil section of the scries, measured from a point o^- kilometres 
W.N.W of Elwat Hiidla, and about 2S kilometn>s N.N.W of Tamia, to the to]) of the 
escarpment 4 kilometres fiii-tlicr north: — 

Undulating sandy, aravcl-ccxcr-cd dr^crt ' sti-i'tcliinLT nortliwards. 
yii// iif pxcnrpmeiif. Ml•t^l■^. 

1. False-bedded sandstones 

2. Band of impure liincstcnc 

3. Intcrbedded basiilt slicct 

4. Sandstone 

(Sn-thiii ninttnupd in hill J liihimef re further north-rnxt). 

."). Hard yellow limestone with enclosed saiid-erains; ('axities full of calcite 1 

(i. (ireenish-white sand-rock 1 

7. Hard reddish-brown stem-weatliering sandstone ] .', 

5. (ireenish or white sand and sand-rock .'{ 

',*. A'^ariefrated sandy clays: sand-rock with occasional fragments of lione (! 

10. ^\'hite sand-rock 1 

' I'flihlc liands iire i«r;isiiiiiiill y met witli in tljf cnarst'i- Miiiiilstonrn of the Fluvio-marine series, and it wiinlil seem that 
fniin them are derived the |iel)lili's dfqnartz ami flint which sn invariably strew the desert-surface to the north to beyond the 
latitude i>f (!airo. Those flints on fhr surface are largely broken up and flaked by changes of temperature, but show compa- 
ratively little shaping by blown sand ; the white quartz pebbles (jn the other hand, while seldom or never broken or flaked, 
are invariably more or less facettcil, frcqiiently into typical " ilreikanter " or pyramid-pebbles ; below the surface both varieties 
are perfectly water-rounded. 



Lf i 'lis 

^ 1 J 1 A.- J , 







{ 






2 



^ s 



11. Rose-coloured sandstone 2 

12. Hard grey white marly clays 2.', 

13. Coarse yellow sandstone .-, 

14. Reddish, white, and variegated sands and sand-i-ock S 

15. Grey, reddish and yellowish clays, with hands full of plant-remains .'ii 

16. Brown clayey sandstone 2 

17. Greenish sandstone ] 

18. Sandy grey clay 1^ 

19. Hard grey sandstone ^ 

20. Greenish sand-rock and clayey sandstone 'A 

21. Dark red clay ] 

22. Sands, etc.: outcrop of bed (•ovcred with siliciticd trees of large dimensions, 12-15 

metres long 10 

23. Clays with hard grey false-bedded san(l>ton<' and showing fine maniinilary wcutlier- 

ing at top. Silicified logs on surface S 

24. Red clays, sandy clays and argillaceous sands 4 

25. Reddish sand-rock 1 

26. Yellowish sand-rock, in part false-bedded 2 

27. Red clays with thin sandy bands \l 

28. Coarse grey sandstone 2 

29. Red and green sandy clay.> with thin band of hard white sandstone at toj) 1 

30. Bright red clay 4 

31. Red clays with thin green sandy bands 3 

.'52. Greenish sand-rock with thin red clayey bands ; 1 

33. Reddish white mottled clayey sandstones ]iassini;- up into red and white, mottled 

clays and sandy clays > 

34. Fine white sand | ., 

■35. Black ferruginous silicified sandstoTie j 

Total thickness 90 

Junction with Middle Eocene (Qasr el Sai;lia >eries). 

A little further west, at a point 25 kilometres north of the eastern end of the Birket el 
Qurun, thick beds of white coarse sandstone form the upper part of the escarpment. Below 
comes a bed of yellowish impure limestone and below this an interbedded sheet of basalt 21 
metres thick, underlaid by more white sandstone. 

The series has almost always a constant dip of two or three degrees to the nortli. 
Silicified trees are -very commonly found strewn over tbe surface both near the base and high 
up in- the series. 

At a point about 14 kilometres north of Qasr el Sagha definite organic remains 
other than bone-fragments were foi' the first time met with in the series. Here a fragment 
of ochreous-coloured grit containing numerous specimens of a small .^fehinia was picked up 
and similar rocks were,|ifterwards found in situ. Calcareous grits and impure limestones 
occurred at the same spot, and one of the harder more compact bands of limestone was 
found to contain casts of Cerithium. 

Also at a point 9 kilometres north of Qasr el Saglia hard grey limestones, generally 
compact and cherty, and sometimes semi-crystalUne, are present, containing casts of Melanin^ 



frequently filled with calcite. These overlie variegated sandstones, and occur at about 40 
metres below the basalt near the top of the escarpment. 

Blanckenhorn has determined my fossils from these localities as follows: — 

Melania nov. sp., allied to M. Nysti of the Oligocene. 

Potamides scalaroides, Desh., an important guiding form of the Middle Beauchamp 
Sands of the Paris Basin, and thus Upper Eocene. 

Potamides tristiatus, Lam., of the Parisian (Cerithium crispum, Desh.,) is nearly 
related to the frequent Middle and Upper Eocene C. perditum, Bay, between which, 
according to Cossmann, transitions exist. 

( 'erithium tiarelhi, Desh., of the Middle and Upper Eocene, but more especially in the 
latter. 

Blanckenhorn considers these determinations as certain, and thus marking the com- 
plex as Upper Eocene, on the level of the "Beauchamp Sands" of the Paris Basin, and 
consequently of the Lower Headon Hill beds and Barton Clay of the South of England. 

The following section was measured from the base of the series, 2|- kilometres 
N.N.W. of Qasr el Sagha, to the summit of the escarpments, 2 kilometres N.N.W. of Widan 
el Faras. The series has its maximum thickness at this point. 

Summit of escarpment of Fayum depression, 2 kilometres N.N.W. of Widan el Faras. 

Tci-j). Metres. 

1. Sandstones with band of coarse dark ferruginous grit; silicified logs occur weathered- 
out of this bed 18 

'J.. Coarse sandstone-grit with yellowish calcareous base 

3. Greyish clay, possibly a product of decomposed basalt 

■i. Basalt sheet, soft friable, grey or bright green, and decomposed at base 

."J. Hard yellow calcareous-grit with calcite-filled cavities, passing into semi-compacted 
yellowish sa7id, hardened at junction with basalt 

6. White and red sands 

7. Greenish sandstones and yellow concretionary sands with 2'5 cm. layer of calca- 

reous grit, with gastropods including large f'eritJiium, Melania sp., Turritella V 27 
pJutruoinea, Pleurotonia ingens, May.-Eym., occasional lamellibranchs and also ' 
(/allianassa 

8. White, green and brown sands and sand-rock 

9. Hard yellow calcareous grit 

10. Red and white clayey sand and sandy clays; some pebbly bands; LucinasTp., 

preserved in brown ironstone, common in places on this horizon 

11. Coarse grey and white sand (2 metres) 

12. Red clayey sanils (1 metre) 

13. White and yellow sand and sand-rock 

14. Red clays 

15. Sandy ferruginous band with lamellibranchs and gastropods of genera Unio, Pseu- 

dodon, MtiteLa, SputlM and Lanistes, indicating fluviatile or fresh water conditions 

of deposition .5 

' ±\Iaijy of the fossils ineiitiDiied in this profile were ojily discovered after long search, and had to be inserted in the 
irjeaeured section afterwards. Their position therefore ie only approximate, as individual beds could not always be correlated 
at the different points where fossils were collected 
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Unio sp.,' y 10 
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16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

(^Seotion 

31. 

32. 
33. 
34. 
35. 
36. 
37, 
38. 
39. 
40. 
41, 
42 
43 
44 
45 
- 46 
47 
48 

49 
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Grreen clay (1 metre) passing into a red variety ] 

White sandy clay (2 metres) 

Red clays 

White, brown, and red sands, partly consolidated 

Bright red clay 

Hard coarse sandstone 

Hard compact light yellow limestone enclosing sand-grains (^ metre) 

White and yellow sands 

Greenish clays (1 metre) 

Coarse white sands with Unio and CardimnAikc lamellibranchs preserved in brown 

ironstone 

Grey clay 

Hard yellow impure limestone (forms a small platform) 

Grey clays 

Red and yellow sands with hard base of grey sandstone 

Grey sandstones. Base of basalt-capped escarpment 

continued | kilometre south-east). 

. Hard blue-grey compact cherty limestone (^ metre) with cast,s of Melania ; hollows 

often filled with calcite 

. Variegated (red, white and yellow) sands, sand-rock and sandy clays 

. Hard compact close-grained limestone 

. Red and white variegated sands and sand-rock, with some bands of red clay 
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Hard yellow impure limestone (^) 

Grey clays 

Coarse white sand 

Brown calcareous sandstones 

Greenish and grey sandy clays (3 metres ) 

Alternating white and red sands 

Coarse yellow calcareous grit (^ metre) 

Light green sandstone 

Reddish clays 

White sand 

Alternating white and bright red sands 

Grey sandstone with silicified wood; occasional crocodilian and other bones 

Hard red clays 

Grey and brown clays, sandy cla}^. and thin beds of sandstone with some silicified 

wood 19 

. Grey sandstones and loose false-bedded sandy clays with many silicified trees and 
remains ^ of Arsinoitherium Zitteli, Bead., Palmomastodon Beadnelli, Andr., Mwrithe- 
riiim sp., Phiomia serridens, Andr. and Beadn., Saghatherium antiquum, Andr. and 
Beadn., S. minin:, Andr. and Beadn., Megalohyrax eoccenus, Andr., Ancodus Gorringei, 
Aadr. andBeadn., Pterodon africanus, Andr., ('rocodilus STp., Tomistoma africanum, 
Andr., and large and numerous tortoiaes {Testudo Ammon, Andr.)' and turtles', and 
very rarely fragmentary fish-remains •> 

' It is not intended to convey the impression that remains of all these vertebrates were found at the point where the 
actual line of section runs As a matter of fact at that jiarticular point oidv Palrromastodon remains were observed, while moat 
of the others were obtained some distance further west. Remains of Mwrithi'i-ium. probably identical with J/. Lyomsi, of the Qasr 
el Sagha series in the shape of a beautifully-preserved and almost complete skull, associated with Palteumastodoii and A^pn^- 
itherium in these same beds, I only discovered in January 1903, at a point nearly due north of the western end of the Birket 
el Qurfm A preliminary description of this skull has been published by Andrews, Furthei- Notes on the Mammals of thf 
Eocene of Egypt; Geol. Mag. Dec. V. Vol. I. N",!!!, March 1904, pp. 109-115. 

■• Andrews and BeADNBLL, A preVnuiaarii mitirc of a Lund Tortoise from the Vppei- Eorene of the Fayum, Egypt, 
P.W.M. report, Cairo, 1903. 

' In addition to those described from the Survey and British Museum collections, sonie additional species are described by 
von Reinach from von Stromer's collection: Schildkrotenreste aus dein dgyptuchen Tertiar; honderabdruckiius den Abhandlungen 
der Sendeenbergisehen naturforschenden Gesellschaft. Band XXIX, Heft I. Frankfurt 1903. 
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50. Thin bands of limestone ] 

51. Yellow sund-icieli 

52. Grey sandstcjne with t'raKiiients (if li(ine (5 metre) )■ '!'> 

53. Brown eaieare(iiis-;^rit (2 metre) 

54. Liffht i;reen sand-roek and sandstcine 

Ap]ir()ximate total thickness in metres 271 

The s})e('itii(jiis collected from Bed If), on about the same horizon as the fossils men- 
tioned from the localit\" 14 kilometres north of Qasr el Sagha, were examined by Blanc- 
kenhorn, wlio has publisjied the following notice of them: — 

"I should first mention the fresh-water shells found by Beadnell in brown sandstone 
1 kilometre mn'th of Camp 19 (i.e. at Widan el Faras), -which, in the al)scnce of special literature 
on the Palaeogene fri'sh-water shells of North Africa and nearer Asia, I have compared with 
the fauna of to-day, in which I was most kindly helped by Pi-ofessur v. Martens, Director of 
the Conchological ('ollection of the Natural History Museum. The greater number of the 
forms have a distinctly tropical, and more especially C'entral African, character. 

[■Ilia sp., small, related to the recent U. Ni/a.'i.'^ieii.s/s- of Lake Nyassa. 

[Jnio, related to IL Homsensis^ Lea, from Syria, and //. Boniieaufllirora ( lochin China, 
with many radial folds behind the umbo which run obliquely from the blunt edge backwards 
towards the hinge -border. 

f^r/io, related ti> / . fejefiiiscjdv.'i, Phil. ( (JaiWtiidi. Fer., Jithaphat/us, Ziegli.) of the Nile. 

Psenr/iiiJii/i ? >|). 

.U'ufel/i (a genus of tropical Africa) sp., long, with a straight finely-toothed hinge-border 
which very much recalls that of Barhatia (a sub-genus of Area). 

Spatha s|). related to S. dahomeyensis and S. Droueti of Assinia in West Africa. 

Laiiisffs cdfiHdtus'.- scarcely distinguishiible from the Nile form. 

The yfeliuihi occuu-ring in mass in the uppermost calcareous bed a])pcars to be a new 
species' whose nearest relation must in any case be ^f. NystI of the Oligocene, not M. mu- 
ricdfa of th(; Eocene, amongst forms at ]jresent known. 

Turritella (iiniiildfd., Sow. A ma line form, occurring below the basalt and indubitably 
this sjjecies. as ir is well preserved and easily determined*: T. dmjuldtd ranges from the Middle 
Eocene to the Lower Oligocene of the East and occurs in the Upper Mokattam of Syria." 

From Widan el Faras the seri('> continues westwanls. forming se\ei-al escarpments, the 
uppermost that of Jebel el <^atrani, and maintaining the same general characters. The 
tripartite character of the series, already noticeable between Qasr el Sagha and Widan el 
Faras (see foregoing section) becomes still more marked. The lowest division is very 

lOp. <,-it.,p. \U:\-\\\\\. Vidi' Bl!iiic,kriih()rn,.>r«/- hnitinxx r/.v Sussmis.vrahlii<j. 11. Mi'IIuxIwk Syrifiif. PaliiecHitdj.'rapliii-a .XLIV, 
]HH7. S. '.17. t. 8, f. 2. 

2More recently HlanckeiilioiMi in 11 |Ki|>.;r i-iititleil Xuchlritfie :irr K,:Htnixx drx Falaeogens in .Ky;/jili'i., (Centralbl. f. 
Mineralogie ch. J90t No. y. p. 272) has named this species Lanixfes Imrtonwniix (spelled hartoniiuis in same paper). 

'It has 4-5 flat spiral hphs. the upprniiuht of which on the last whorls is often more strongly developed but not kirl- 
shaped ;is in M. ni,iini-at,i. rii.'i-.- an- hingitiuiiniil ribs t.. tlie number of S-12 ..v.-r the whorls; the largest example was '.» 
jriillinietres long anil had H whoi-l-^ 

* Sc,. Note 2. p. 4:'.. 
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largely composed of fluviatile sands and sandstones, frequently coarse-grained and usually 
markedly current-bedded, divided by clii}'s and containing an abundance of silicified trees 
and quantities of vertebrate remains. These soft beds, some 60 metres in thickness, have as 
a rule an extensive outcrop, forming an undulating plain averaging two or three kilometres 
in width. They are overlaid by some 17 metres of harder dark red sandstones, which 
invariably form a well-marked escarpment capped by a very constant two or three metres 
band of hard white or pinkish calcareous grit. This grit varies in composition, frequently 
passing into a marl; and one of the characteristics of this and the underlying red beds is 
the abundance of nodular masses of calcite and gypsum. In some localities, as for instance 
3 kilometres W.N.W. of Qasr el Sagha, numerous spherical nodules of beekitic chalcedony 
occur in the beds of this division, and some of these when broken are found to be geodes 
lined with beautiful crystals of quartz and calcite. 

The next division consists of some 60 metres of alternating sandstones and clays 
with occasional thin calcareous bands in the upper part, and capped by a well-marked hard 
cherty limestone, frequently passing into a dense tabular chert or flint. This exceptionally 
hard band generally forms a dip-slope plain of some width, before the softer basal members 
of the third and highest division overlie it. The siliceous bed caps many of the most 
notable hills in the district ; among others may be mentioned the big isolated hill 9 kilo- 
metres north-west of Garat el Esh, and the hills five kilometres N.N.E. of the same point. 
This is the only horizon throughout the Eocene succession of the Fayum on which an 
abundance of flint is met with ; that it was well known and exploited in early times is 
evident from the old pits met with on the summits of the hills overlooking the main 
bone-pits, a few kilometres north of Garat el Esh. As no worked flints were noticed round 
the workings it is probable that the material was excavated and carried away to the borders 
of the lake, there to be fashioned into the harpoons, saws and other implements which 
are so commonl}' found scattered at the present day near the margin of the old 
lake site. 

The uppermost division of the Fluvio-marine series consists ol over 100 metres of 
variegated sediments and forms the escarpment of Jebel el Qatrani itself, capped by the 
conspicuous band of hard black basalt, which is itself overlain by a further 20 metres of similar 
sediments. The basalt has a thickness of over 20 metres in places, though its average is 
considerably less ; at the base it is frequently decomposed, soft, and of a brown colour. 

At a point due north of the western end of the Birket el Quriin the interbedded basalt 
sheet terminates, and no further flows were seen as far as the point up to which the seric,^ 
was mapped, nearly due north of Gar el Gehannem. As far as could be seen on a traverse 
through the Zeuglodon Valley to the south-western limits of the depression n<» further 
basalt flows occur. 

Section from the base of the Fluvio-marine series, 2 kilometres north of Garat el ENh, 
to the summit of Jebel el Qatrani 5 J kilometres north of the bone-pits. (See Plates 
XVIII and XXIV). 
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.Summit of plateau Approximate thickness 

in metres 

1. Coarse sandstones and grit>< 1^ 

2. Basalt -•' 

3. Yellow sands and sandstones, c:ii)p('d by 3 in. of hard concretionary grey sandstone 

with occasional mammalian bones (underlying basalt in scarp and capping 
outlying hill) 

4. Hard sandstones with clayey bands ^ ^ 

5. Sandy and clayey beds ■' 

(i. Hard yellow calcareous grit -^ 

7. Clays and clayey marls ' 

8. Sandy beds '•'* 

9. Hard sandstone f forms connecting ridge between hill and escarpment) i 

10. Clays with thin sandstone bands I 

11. Variable sandy and marly red clays with a hard yellowish sandstone band ten , 40 

metres from base 1 

Jiatie of isolated hill. 

12. Soft sands with ehelonian and crocodilian remains 

13. Sandy clay-i with ehelonian and mammalian {Arsinoitherium) bone-^, capped by 

coarse grit, in part ferruginous silicified grit and quartzite .> i 

14. Wiiite calcareous grit and marly limestone. Band of flint in places \ 

Sinyifoit of hill orerloohifig tyoiic-pita. 

14. Sandstone, becoming calcareous and passing up into 3 m. of hard white calcareous 
grit, and yellowish white bedded marly limestone with calcite druses. Capped 
by J m. hard tabular chert and flint 1" 

1'). Finely laminated grey shaly clays, sandy and marly clays, capped by 2 m.of mottled J 

yellow and red sandstone and sandstone-grit 10 

16. Hard red, green, and brown sandstone 1 

17. Variegated grey, green and red clays, marly clays and sandy beds, with thin band* 

of sandstone. More arenaceous towards top -1 

18. Hard grey sandstone ; greenish sandy clays ; hard dark red marls and marly 

clays at top li 

19. Thin band of hard yellow limestone, capping salty red clays and sandy clays <) 

20. Soft greenish clayey sandstone cajiped by \ m. of hard false-bedded concretionary 

sandstone with numerous enclosed coprolites 3 

Jia.^e of hill orfrlooldng ho/ir-pits. 

21. Pink calcareous grit (forming summit of lowest escarpment), with small flint and 

quartz pebbles in some layers. An abundance of calcite and gypsum 3 

22. Mottled red and green clayey sandstone, clays and clayey marls. Passing up into 

a hard sandy (or clayey) dark red marl with greenish mottlings 7 

23. Light yellow finely-laminated ^androek passing up into dark red sandrock. Some 

clayey bands 10 

24. Coarse unconsolidated false-bedded sands, with occasional bands of clay and conso- 

lidated sandstone bands. Numerous silicified trees and abundant mammalian 
and reptilian remains. (See li<t in Bed 4rt of Widan el Faras section). Bone-pits 

are in this Ijed 40 

2.">. Thin band (^ ni.) i)f hard sandstone with sometimes impure calcareou- grit 

2G. Hard light yelhiw sandstone, often very coarse, and with red hands 

27. Soft brick red and light yellow sands and sandstones, (seen on plain and overlying 

uppermost limestone of the Middle Eocene) 2() 

Sage of Flij.rii}- marine Sf'ri.-\s. 



10 




:^^^^: 






K 



' 'li J 



^ 






Kfi 




i'lA 



4"^'J^-:rl 



▼^ >;'/''■».•'' ■'W > ' 1 '-'■1- \{-i • 










^ 



2: 



— G3 — 

In some localities pebbly bands occur in the sandstone-grits, especially in some of the 
beds above the basalt : the pebbles are mostly quartz or flint, subangular or rounded, the 
layer averaging perhaps two cm. m diameter, although occasional specimens three or 
four times that size are met with. Silicified trees of two distinct types' occur, and 
they are met with chiefly on two horizons ; usually large numbers of trees occur together, 
completely covering the surf ace in places ; they lie as a rule scattered about in every direction, 
although occasionally a large proportion may show considerable parallelism of deposition, iis 
if arranged by the direction of the current which floated them to the spot. They always occur 
in a horizontal position or parallel to the dip of the bed, and it seems quite certain that none 
of them ever grew near where they are now found. The trees never bear attached 
branches, the latter having always been broken off at or near the point of junction with the 
trunk, where the scars are often plainly seen ; this points to the trees having been drifted a 
considerable distance. Many trees over 25 metres ^ in length have been met with, but this 
by no means represents the original height, as the trunks have lost considerabl}' in length 
during transport to their present localities. Although, as a rule, found completely weathered- 
out and exposed on the surface, in numerous localities these silicified trees are to be 
observed firmly embedded in the sandstones in which they were deposited, many being met 
with in our excavations for bones. 

A.S the Fluvio-marine series is followed westwards from the central part of the area, 
the different divisions become more and more attenuated and the outcrops more and more 
obscured bj' superficial gravel. North-west of the Zeuglodon Valley an escarpment 
capped by a conspicuous bed of white calcareous grit occurs and perhaps represents the 
lower beds of the series. The higher are lost on the gravelly undulating plateau above. 

F. — Age of the "Fluvio-Marine Series". 

The beds in question being as a whole remarkably luifossiliferous, a determination of 
their exact age on palaeontological grounds is an undertaking of some difficulty. The 
series, however, in certain beds is very rich in vertebrate remains ; a considerable number 
of new and important forms have already been obtained and further additions are probable. 
Until the survey of the area in 1898 it appears that the onh' fossils obtained from 
these rocks were a few casts and badly -preserved specimens of moUusca from the highest 
beds above the basalt, collected by one or two observers from localities between the summit 
of the Fayiim escarpments and the Pyramids of Giza. 

The Rohlf s Expedition did not visit this part of Egypt, and Zittel " tabulated the 
beds, which he galled the " Schichten von Birket el Qurun " as doubtfully Oligocene ; pro- 
bably the beds referred to are those of the island Geziret el Qorn, which, as already mentioned, 

iThe majority belong to the genus Nicolia, but more rarely specimens, apparently referable to a species of conifer, are 
met with. 

2 The largest trunk noticed had a length of 28 metres. 

3 Zittel, Seitr. z. Geol. u. Palaeont. d. Libysch. Wiiste, I Th. (Palaeontographica, Vol, XXX) p, XCIII. 
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belong to the ](_i\\cr di\isioii of the Birket el Quriiii series, and are therefore of Middle 
Eocene age. ]\I;i\'cr-Evi"iii" ' states that he was able to subdivide the series under discussion 
into Upper iuid Lower Liguriaii and Lower Tongrian. Schweinf urth '^ considered the series 
s Miocene, comjmriug them with the lithologically similar Scutella beds of Der el Beda to 
the east of rairo. Hlanckenhorn, on the evidence of the writer's fossil collections, states, 
as already mentioned, that the upjier part is certainly to be regarded as Lower Oligocene 
and the lower part as Upper Eocene. 

First as to the stratigraphical position of the series. There is no doubt that the 
lowest beds of the group were deposited (at any rate in the central part of the area) in 
practical continuity with the Qasr el Sagha series, which, as shown, is certainly of Middle 
Eocene age. A great change in the lithology of the beds, however, makes the junction a 
perfectly natural one. We pass from a truly marine series into an estuarine or fluvio- 
marine set of beds, and such a change near the summit of the Eocene is not an uncommon 
one in some parts of Europe. The stratigraphical position in the field, therefore, favours an 
U[)per Eocene age foi' the lower beds. The dip being nortliwards, newer and newer beds 
are met with from south to north on the great undulating, Init more or Jess level, desert 
north of the escarpment summit. The occurrence of Lower Miocene beds at Mogara, some 
100 kilonieti'es north or north-west, also points to a somewhat younger, or Oligocene, 
age foi- the underlying beds, (i.e., those between the Fayum escarpment and Mogara). 
The actual relations, howevei', of the beds in the two localities ]ia\e not yet been determined, 
but it is jirobable \-ounger beds are continuallv met with from south to north. 

Until the entire collection of fossils has been examined and determined, it is somewhat 
])remature to attempt to fix the age of the series on palaeontological grounds. Up to the 
]>resent the foreg(jing lists show the species which have been provisionally or finally deter- 
mined. Some of these appear to be identical Avith sjieeies which ha\'e been recorded from 
Tapper Eocene de])osits of Europe, such its Potdinides scatarniiles, P. tiarella, while 
others, such as Melnnia cf. Xi/sfi, i\iiticu missafiiui (found below^ the basalt in the so-called 
Sandberger Hills north-east of the Fayiini ocarpment), are tyj)ically Lower Oligocene. 
Other foi'Mis, such as Titrritella (UKjuhita, iire common to both Eocene and Oligocene 
elsewhere. 

If Blanckenhorn's determinations of these forms are confirmed, we may regard the 
upper I'cds, i.e., tliose immediately above the l>asalt, as undoul)tedly of Lower Oligocene 
age. The beds below the basalt mark the transition from the Eocene to Oligocene, while 
the l>asp of the serii's, so far unfossiliferous as far as molluscan remains are concerned, must 
be regarded as of Upper Eocene (Bartonian) age. 

' MA-YhR-KviIAU. I^iirlqiipi mnt.1 xiir le.i iiiiin-Kllfi reclirivheg rehitirfx mi Liijurim pt ,ni 'foiujrip.ii d' Egijiite. Bull. (If I'lust. 
K^')!''- (^) ^' ^' 1'^''^ MiiytT-Evniiir's division of tlin low.-r beds iuto Ligui-ien i,ifiri,-ur mid Ligurien sii/>erieirr is hardly 
(jorivinciDg, eNpeiiidly ;i- iin fossils were found by that observer. The correlation of strnta in widely separate areas by their 
litliological simijiirity is at least open to question, espeeially with beds of this type, which can indeed be exactly matched 
iiHain arjd again at many levels in the same vertical succession. His diagnosis of the beda immediately below the basalt as 
'J'dHijru-n nifrnriir. rest.,, liowever, on firmer grounds, as this basalt sheet can be tiarnd ar.ross the desert to beyond the 
latitude of Ciiiro, and is probably everywhere of approximately the same age, 

- S'iH'VKiNFi KTH, op, cit. ltei.<r in ihm Dn/iresx'uin Cirhirt. etc) p, 41, 
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We may hope that when the important vertebrate fauna occurring chiefly in the basal 
part of the series has been thoroughly exploited, and the remains systematically determined, 
confirmatory evidence will be obtained. At present the only forms described and deter- 
mined, beyond pointing to a pre-Miocene age, do not indicate any definite horizon. Pro- 
bably most of the animals will prove to be new, and although on that account more 
interesting from one point of view, will probably not assist us greatly in the exact determi- 
nation of the age of the beds in question. 

G. — The Position of the Land-mass from which the Manunal Remedns were Derived. 

The existence of remains of land animals throughout the larger part of the Qasr 
el Sagha series and in still greater quantity in the basal beds of the overlying Fluvio-marine 
series, and occasionally in the highest beds also, points to the presence of continental land 
within no great distance of the area in which these deposits were laid down. That the 
animal-remains were carried out from the land by ri\'er currents is almost certain, and 
although in some cases such currents are known to persist to great distances from their points 
of emergence, it seems probable from the quantity and mode of distribution that the Fayum 
bones were deposited within a moderate distance of land. Moreover, the silicified trees, by 
which the bones are so often accompanied, occur r(5gether in very great quantities, and we 
should imagine that the individual trees would havi' been far more scattered if they had been 
floated to considerable distances from land. On the other hand the fact that among; the 
hundreds of trees examined, in no single case were branches found attached to the trunk, 
points to the conclusion that these trees had travelled great distances ■ probably the 
branches were lost during their river journey, from constant jamming together of a great 
number in a more or less constricted space, and not after they had left the river mouth. 

The exact position of this land-mass is a highly interesting and important question. 
There is no reason to suppose that land of any extent occurred to the north, except possibly 
an occasional island, such as that of the Cretaceous massif of Abu Roash,* west of Cairo, 
which probably formed an island in the sea at that time ; without doubt the great Eocene 
sea which covered the area stretched northwards, and was contiimous with that in which the 
southern European deposits of this period were laid down. To the west also there was cer- 
tainly no land-mass within approximate distances. Eastwards, possibly part of the Red Sea 
Hills igneous range may have formed a restricted land-area, but even this is not probable ; in 
fact, it seems certain that we must look to the south for the nearest land of any extent. In 
supposing the land lay in this direction we are confronted at the outset with the fact that 
the Lower Eocene limestones stretch southwards for several hundred kilometres. In Egypt 
the Lower Eocene consists of a great mass of nuinmulitic limestones, some 400-500 metres 
thick, with no intercalated clays or sandstones except at the base, and was evidently formed 
in water of considerable depth. The thickness of, and superficial area covered by, these 

■ Bbadnell, 77ie r'retanemg- Bjtgiini of Abu lloash, imir the I'l/i-nniidx of <i\:ii. (ifM)l. Surv.-v. Epypt. Knport 1900, Pt. II. 
1902, p. 44. 



— liti — 



limestones show that they were formed in a truly open sea, in contra-distinction to a littoral 
area ; the nummuUtic sea in fact covered an enormous part of Europe, North Africa and 
Asia. To the south of this sea lay the African continent, a land-mass dating possibly 
from Palaeozoic times. Since, and possibly partly during, the deposition of the Lower and 
Middle Eocene formations, a gradual elevation of the land or lowering of the sea, resulting 
in a retreat of the latter, took place ; this continually brought the shore-line further 
northwards tmtil, during the deposition of the beds of the Qasr el Sagha series of the 
Middle Eocene, we may surmise that it was not very far to the south, though the exact 
distance is extremely doubtful ; while in Upper Eocene times it was still further north. 
We may assume therefore that the Upper Eocene bone-bearing strata of the Fayum represent 
sediments transported by rivers and currents from a fairly adjacent continental land-mass 
to the south and laid down as littoral and delta deposits beyond the margin of the land. 
That at least one large river emerged from the land in the neighbourhood of the Fayfim is 
certain ; drair^age was theii, as now, from south to north, although not probably confined to 
a single channel like the present ISTile. 

Apart from broader considerations a minute examination of the more typically fluviatUe 
beds favours the conclusion that the currents were from the south or south-west. The 
general dip of the strata, probably the natural inclination of the sediments at the time of 
deposit, is from south to north ; the most frequent lamination in the current-bedded 
arenaceous deposits is also from south to north. In our excavations for fossil bones it was 
noted that of seven tortoise shells exposed at the same time in different parts of the pit, six 
lay with their long axes similarly orientated and were distinctly tilted to the north-east, or 
exactly away from the point of the compass from which, as will presently be shown, the 
main river probably came. As a rule, however, the scattered fossil bones and trees in these 
beds give no definite clue as to the direction from which they were floated. The existence 
of separate accumulations of fluviatile sand at different horizons, but lying one above the 
other in the series and along a north and south line, is of importance as indicating the 
continued appearance of a river current from the same quarter. 

Blanckenhorn has published^ diagrams showing what he supposes to have been the 
relative areas occupied by land and sea in Upper Mokattam, Lower Oligocene, Middle Pliocene 
and Pleistocene times. Various lines of drainage are shown, the main river, which he calls 
the Ur-Nil, being placed some 70 kilometres to the west of the modern Nile, although closely 
following the trend of the latter. We have been unable to ascertain on what evidence 
Blanckenhorn relies for assuming rivers in Upper Mokattam and Lower Oligocene times to 
have occupied the positions shown on his diagrams; the number and positions of su.ch rivers 
must remain more or less problematical. In this connection however it is interesting to 
recalP the lacustrine ferruginous grits which were brought to notice by the writer in 1900 

^ Znr Geoliigiv Aegypten, Pt. II, p. -tOH , Dis tieschichte dcs X'd-Stroms in der Tertidr vnd gimrtdrperiode,etQ..Z.i.Ge>-. 
( Erdk. Z. Berlin, 1902, Tafel 10. 

^Beadnell, iJeatiiairte.s Gioliifjiijues Uicentea dans la ValUe du Ail ct Ic Desert Zilyen, Compte rendu, vilis Congi-. 
G60I. Internat. 1900, Paris, 1901, p. ; also Ball and Beadnbll, TrfrtArtivV;. Onsin: lt» Topography and Geology: Survpy 
Depart,. P. W. M. report, Cairo, 1903. pp, 61-62. 
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as having been deposited in a lake, occupying in post- Middle Eocene times a shallow 
depression in that part of the Libyan desert now occupied by the oasis-depression of Baharia, 
Similar deposits were found forming the hills of Gar el Hamra a few kilometres east of the 
extreme north end of the depression. Finally, during a traverse through the unexplored 
country south-west of Gar el Gehannem in the winter of 1902-1903, hUls capped with dark 
hard ferruginous silicified grits and puddingstone were met with in the extreme south-west 
of the Fay<im depression at a point nearly midway, and in the direct line, between the hills 
of Gar el Hamra and the chief bone-bearing localities in the north of the Fayum. The deposits 
in question — at Baharia, at Gar el Hamra and in the hills to the south-west of the Fayum — 
are evidently of lacustrine and fluviatile origin ; and we may infer, with some degree of 
probability, that they were laid down along the course of a river which flowed in a north- 
easterly direction and formed extensive delta deposits in what is now the northern part of 
the Fayiim. That this river had its origin in the interior of a well-wooded continent 
hundreds of mUes to the south of Baharia is not to be questioned ; its size, length and exact 
position must remain matters of doubt, but of its existence we can be as certain as if in 
times of flood we had stood on its banks and watched the passage northwards of its turbid 
swollen waters, laden with matted rafts of forest trees and bearing seawards the carcases of 
those curious Eocene animals, the remains of which are so abundant in the Fayiim of to-day. 
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KlO. 6. — Probable Cloursf of chief river of Upper Kooeue atid Oligoceu?) tinir,,. 

In the Middle and Upper Eocene beds we first obtain an idea of the animals which 
inhabited Africa in Tertiary times, and the collecting and working out of this fauna will 
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tlirow much light, not only on uur uctual knowledge of the African vertebrata of the Eocene 
period, which was practically nil until the discover)- of the remains here described, but also 
on other wider biological questions, such as the origin of certain groups of animals, som(i 
of which were evolved in this part of the world. 

As recently pointed out by a writer in the Field (No. 2605, Nov. 29, 1902) many 
years ago the late Prof. Huxley, t( > account for the present distribution of the mammalian 
fauna of Africa and Magadascar, advanced the theory that in the early part of the Tertiary 
period Madagascar was ccjiniected with Africa, and Africa with Europe or Asia, a connec- 
tion which allowed ( if the immigration into Africa and Madagascar of numerous small types 
of European and Asian mammals. Madagascar later becoming separated from the mainland, 
its fauna, undisturbed b\ the larger carnivora, was able to develop to its jjresent remarkable 
extent. Suljsc([uently to the isolation of Madagascar the ancestors of the modern fauna 
were presumed to ha\'c invaded the African continent from the north. 

The extinct fauna of the Fayiim, however, shows that in early Tertiary times Africa 
already had its own mammalian fauna, which, besiiies containing some remarkable large types of 
somewhat doubtful position, such as Arsuioitherium, Bari/iherium^ etc., certainly in Moerithe- 
riumand l-'ula'iiniii.'<toil(iii included the earliest known elephants, the forbears of the Mastodon 
and the modern elephants. There is little doubt therefore that in Upper Eocene and 
Oligocene times these caily members of the elephant group ranged northward and east- 
wards into Asia and India, and since in the Upper Tertiary deposits of India and 
eastern Asia the extinct transitional types between the mastodons and modern elephants 
appear to have been found, it is not unlikel}- that during the later phases of the evolution 
of this group of animals the radiation was back towards Africa, so that the African 
elephant maybe, as it has usually been regarded, an immigrant from the Oriental region. 
Further research auKjng the later deposits of the Fayum and the deserts to the north 
may, however, throw an entirely new light (jn the sul^ject and it is somewhat premature 
to theorise at present. 

In this connectiou it is interesting to notice tlie ohser\ation of so eminent a palaeonto- 
logist as Prof. H. F. Osborn. In two recent addresses' to the New York Academy of 
Sciences he pertinently jioints out his l)elief that the African continent has been a great 
centre of radiation of certain group,'- of the maannalia, and especially mentions the 
Proboscidea as like!} to have been evolved in the Etiiiopian region. Our discoveries in the 
Fayum and Andrew>'s determinations, made sul_)se([uently to these addresses, so completely 
confirm this view, at any rate with regard to the elephants, tliat it may not be out of place 
to give here a somewliat length}- extract of liis '"Theor;/ nf Successicc Invasinns of an 
African Fuuiui into Europe'^ (op. cit. pp. .")()-58). "In Europe there are in the Upper 
Eocene two classes i >f animals, first tliose which ha\ e their ancestors m the older rocks : 
second, the clas^ including certain highly specialized animals which have no ancestors in 
the older rocks, among these, perha])s, are the peculiar flying rodents or Anomaluridce^ 
now confined to Africa, and secondly the highly specialized even-toed ruminant types the 

' Ciirrclationx lirhreeii Tcrt'iiiry Mammiil l[i)ri:itiis nf Europe iniil Aiiiericn, Annals N.Y. Acad. Sci.. Vol. XIll, No. 1. 
.July 21, lyOO, pp. 1-72. 
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anoplotheres, xiphodonts and others, the discovery of which in the gypse near Paris Cuvier 
has made famous. It is tempting to imagine that these animals did not evolve in Europe 
but that they represent what may be called the first invasion of Europe b}- African types 
from the Ethiopian region. 

" It is a curious fact that the African continent as a great theater of adaptive radiation 
of Mammalia has not been sufficiently considered. It is true that it is the dark continent 
of palaeontology for it has no fossil mammal history ; but it by no means follows that the 
Mammalia did not enjoy there an extensive evolution. ^ 

" Although it is quite probable that this idea has been advanced before, most writers 
speak mainly or exclusively of the invasion of Africa by European types. Blanford and 
Allen, it is true, have especially dwelt upon the likeness of the Oriental and Ethiopian 
fauna, but not in connection with its antecedent cause. This cause I believe to have been 
mainly an invasion from south to north, correlated with the northern extension of Ethiopian 
climate and flora during the Middle Tertiary. It is in a less measure due to a migration 
from north to south. Let us therefore clearly set forth the hypothesis of the Ethiopian 
region or South Africa as a great center of independent evolution and as the source of 
successive northward migrations of animals, some of which ultimately reached even the 
extremity of South America, I refer to the Mastodons. This hypothesis is clearly implied 
if not stated by Blanford in 1876 in his paper upon the African element in the fauna 
of India. 

" The first of these migrations we may suppose brought in certain highly specialized 
ruminants of the Upper Eocene, the anomalures or pecuhar flying rodents of Africa; with 
this invasion may have come the pangolins and ard varks, and possibly certain armadillos, 
Basypodidce, if M. Filhol's identification of Xecrodasypus is correct. A second invasion 
of great distinctness may be that which marks the beginning of the Miocene when the 
mastodons and dinotheres first appear in Europe, also the earhest of the antelopes. A 
third invasion may be represented in the base of the Pliocene by the increasing number 
of antelopes, the great giraffes of the jEgean plateau and in the upper Pliocene Ijy the 
hippopotami. With these forms came the rhinoceroses Avith no incisor or cutting teeth, 
similar to the smaller African rhinoceros, R. bicornis. Another recently discovered African 
immigrant upon the Island of Samos in the iEgean plateau is Pliohyrax or Leptodon., a 
very large member of the Hyracoidea, probably aquatic in its habits, indicating that tliis 
order enjoyed an extensive adaptive radiation in Tertiary times. 

•' It thus appears that the Proboscidea, Hyracoidea, certain edentata, the antelo])es, the 
giraffes, the hippopotami, the most specialized ruminants, and among the rodents, tin- 
anomalures, dormice and jerboas, among monkeys the baboons, may all ha^'e enjoyed 
their original adaptative radiation in Africa ; that they survived after the glacial period, 
only in the Oriental or Indo-Malayan region, and that this accounts for the marked 
community of fauna between this region and the Ethiopian as observed by Blanford and 
AUen. 

' Compare 4/j'(A« als Entgtelmngszentrum fih- Suiiijeticfe, Stromer, Zeitscljr. .1. Dtulsch. (i.'olo;;-. (ipsellsrli. .luhr 1903. Also 
lietrachtungea iiber die Geologische geschichte AHkiopienit, do. do., WOl. 
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" Against the prevalent theory of Oriental origin o£ these animals are : first, the fact 
observed by Blanford and Lydekker in the Bugti Beds (Sind) that the Oligocene or lower 
Miocene fauna of the Orient is markedly European in type ; second, that if these animals 
had originated in Asia some of them would have found their way to North America ; third, 
the fact that all these animals appear suddenly and without any known ancestors in older 
geological formations. These are the main facts in favor of the Ethiopian migration 
hypothesis. " 

That Professor Osborn's main contention has already been partly proved by the 
Fayiim mammal discoveries is apparent, and how far his detailed remarks are confirmed 
will be seen when the new fauna has been more completely explored and examined. 

The following is a list of the new species already obtained : — 



Upper Eocene. 



Middle Eocene. 



Mammalia 



Arsinoitlicriuiii Zitteli, Beadnell. 

Andrewsii, Lankester. 
Pabi'omastodon Beadnelli, Andrews. 


Barytherium grave, Andr. 
Mreritherium Lyonsi, Andr. 
gracile, „ 


„ minor, „ 

Moeritherium Lyonsi, „ 

„ trigodon, „ 


„ sp., 
Eosiren libyca, ,, 
Zeuglodon Osiris, Dames. 


Mt'nalohyrax eocoenus, „ 
„ minor, „ 
iSairhatbcrium antiquum, Andr. and Beadn. 


„ Zitteli, V. Stromer. 
Tsis, Beadn. (M. S.). 


minus, 
„ magnum, Andr. 
Ancodus Gorringei, Andr. and Beadn. 
Geniohyus mirus, Andr. 

„ fayumensis, Andr. 




maior, 

Phiomia serridens, Andr. and Beadn. 

Pterodon africanus, Andr. 
„ macrognathus, Andr. 
and another much smaller and imper- 
fectly known creodont. 





Eremopezus libycus, Andr. 



Birds. 



Reptiles 



Testudo Ammon, Andr. 
Pelomedusa progaleata, v. Reinach. 
Podocneinis t'ayumensis, Andr. 

„ Blanckenhorni, v. Reinach. 

„ ,, var. ovata, v. Reinach. 

Stereogenys libyca, Andr. 
Tomistoma sji. 
Orocodilus sp. 



Gigantophis Garstini, Andr. 

Pterost)henus (Moeriophis) Schweinfurthi, 

Andr. 
Psephophorus eocoenus, Andr. 
Thalassochelys libyca, Andr. 
Podocnemis antiqua, „ 

„ Stromeri, v. Reinach. 

„ „ var. major, v. Reinach. 

Stereogenys Cromeri, Andr. 

„ jpodocnemioides, v, Reinach. 

Tomistoma atricanum, Andr. 



Occasional fragments of siluroids and rays. 



Fish. 



Propristis Schweinfurthi, Dames. 



H. — The absence of Miocene deposits in the Fayum. 

No traces of deposits of this age having been met so far south as the Fayxim we may 
presume that in Miocene times the area had become land, the sea margin having receded 
northwards. The sUght depression of Mogara, some 100 kilometres further north-west, is 
however cut out in Lower Miocene beds, lithologically somewhat similar to the Upper 
Eocene and Oligocene deposits of the Fayiim. Probably similar conditions obtained 
throughout, and the existence of vertebrate remains indicates the persistence of river-currents 
from the south. The fauna of the Mogara beds has only as yet been very incompletely 
examined, the locality being rather inaccessible.^ 



Section XII.— PLIOCEJQE. 

We have presumed that in Miocene times the Fayum remained land, no traces of 
deposits of that age having been recorded ; possibly the area underwent considerable denu- 
dation during the Miocene and early Pliocene periods, but of this it is difficult to adduce 
definite evidence. The records of Pliocene times in the Fayiim may be classed as follows : — 

(J). Marine deposits of Middle Pliocene age. 

(K). Borings on rock surfaces, exact age doubtful. 

(L). Gravel Terraces, probably late Pliocene. \ , i tdi ■ . x 

)-Mi\ ry T-> • 1 11 1 , i Til- ( (or early Pleistocene). 

(MJ. (xypseoHSlJepnsits,Yroba,b\y\axe9,irhocene. ) 

J. — Marine Deposits : Middle Pliocene. 

In Middle Pliocene times the area, which had probably undergone considerable denuda- 
tion, was again invaded by the sea, and we find at Sidmant el Jebel, on the south-east side, 
definite evidence of deposits of this age in the shape of sands containing such well knoym 
forms as Ostrea cucullata and Pecten benedictus. 

The beds in question reach an altitude of from 60 to 70 metres and were first brought to 
notice by Schweinfurth. Although they are in reality on the Nile Valley side of the 
separating ridge or saddle, there is Little doubt that the same beds will, when looked for, be 
found within the Fayum depression in places where they have been preserved. As has 
already been mentioned this south-eastern side of the Fayum yet remains to be examined 
and mapped in detail, and the determination of the relation of these marine sands to the 
gravel terraces shortly to be described is a matter of primary importance for the proper 
interpretation of their relative ages. 

K. — Borings on Rock surfaces; of doubtful age. 

There are within the Fayiim depression numerous rock-surfaces pierced by borings, 
apparently the work of marine boring moUusca but naturally offering no exact evidence as 

•The locality has been briefly examined by Dr. Blarickenhorn and more recently by Mr. T. Barron, who was accompanied 
by Dr. Andrewe; the writer spent a few days collecting in the neighbourhood in April, 1903. 
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to their age and origin. These l)orings are found at two distinct levels, approximately from 
zero to 20 metres abo\'e sea-level, and at 112 metres above seadevel. 



(y.) Low level bor/iii/s. 

Between Tamia and Dime, near the eastern end of the Birket el Quruu, the lowest 
ground, consisting of poor sandy land with tamarisk scrub, bordering the lake and cultiva- 
tion, is bounded by a low escarpment of beds of the liirket el Qurun series. Along 
certain horizons one or more beds of calcareous sandstone weather into large globular 
masses, which as already pointed out are in reality huge concretions, Ijut Avhich 
ma}' have been further rounded by water-action. The chief point is, howeser, the fact 
that these blocks are honey-combed in the most remarkable wa}' by beautiful examples 
of borings; their presence was first noticed by Schweinfurth. The globular masses 
<-)f sandstone, often several feet in diameter, are woi-n on the surface into a number of 
parallel ledges, each of which is perforated witli countless mmil^ers of Aertical holes, 
averaging 10 millimetres in diameter (maxhnum 15 millimetres), placed at right angles to 
the ledges; these holes are not, as a rule, connected from one ledge to another. They occur 
in every stage of perfection, from hollows as small as the finger tips and only a few 
millimetres deep, to long completed chambers which generally show considerable ta])ering, 
an<l are often j)hiced so close together that the dividing wall is ])ierced. 
Fig. 7 and Plate XIII show the appearance of these bored rocks. 




Kkj. 7.— I'.liick of sandstoiM- 



pi.Ti 



■d hv 



iiiiiiiHri'iis luiriiigs. 



At El Kenisa, a promontory jutting out into the lake, sandstones showing sliell- 
boi'ings occur at a height of 14 metres above sea-level. Between Dime and the lake a 
calcareous sandstone contains man}- l)orings, (UJ metres aljove the lake-level, or about 22 
metres abo\-c sea-level. 
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(fi) Hifih lenel. boriii.ijs. 

Further west, but at a considerably higher level, boriugs are again met with. In this 
case a hard compact limestone, forming a dip-slope surface on the top of the lower cliff of 
the Qasr el Sagha series, was found pierced with borings, similar in character to those of the 
lower level. The exact locality where these liigh level borings were observed is 14 kilo- 
metres west of the western end of the lake and 16 kilometres north-east of the eastern 
extremity of Gar el Gehanuam. The height was determmed as 156 metres above the Birket 
el QurAn, or 112 metres above sea-level, and we have every reason to beheve these figures 
to be approximately correct. Up to the present time borings at this altitude have not 
been met with in any other locality. 

At first sight it seems surprising that the occurrences should be s() limited, but it should 
be remembered that only in those cases where borings were made in the very hardest 
and most durable rocks could they have been preserved to the present time. Considering 
the amount of denudation which has taken place in the area since the Pliocene period it is 
surprising that any of the rocks which formed the actual surface of the country at that date 
should still be preserved; and in all probability the comparatively few records that exist 
to-day owe their preservation to the protection afforded by superficial deposits. Under the 
present rigorous desert conditions, when the whole surface is subjected to continual and rapid 
changes of temperature, and every exposed rock is being worn down by the natural sandblast, 
it must be admitted that in a comparatively short time every trace of the borings now 
exposed will have been removed. At the same time the denudation of superficial deposits 
will probably lay bare other bored rock-surfaces, and the conserving nature of drift saiid 
itself where accumulated to even a limited ileuree nuist not be forgotten. 

L. — Gravel Terraces : ? Upper Pliocene. 

On the north, east, and south-east sides of the Fayum, well marked terraces of gravel 
are found at certain levels up to a maximum of about 170-180 metres above sea-level. 
Nine kUometres east of Sela the stimmit of the ridge separating the Fayum and the Nile 
N^aUey is formed of thick deposits of gravel, laid irregularly and unconformably on the top 
of limestones belonging to the Birket el Qurtin series. The lowest terrace occurs only 15 
metres above the canaP running along the outside i>f the cultivation. The main deposit 
of gravel is laid on the top of the limestones and marls at 70 metres above the canal ; 
it is some 50 metres thick (suumiit 120 metres above canal) and consists of a mas> 
of well-roUed flint and quartz pebbles, with blocks of limestone (frequently full of well- 
known Eocene fossils such as (\(ro]ia placunoides). Large well rounded blocks of grey 
(|uartzite and pebbles of black quartzite also occur, besides rounded blocks of silicified 
wood. A certain amount of false-bedding occurs and false-bedded sand was noticed in 
places. Numerous derived rolled fossils are present, but no contera])oraneous remains 

I Approximately 10 metres aViovo aea-Ievel. ID 
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were found. On the .summit of tlie ridge is situated the remnant of an old pyramid-like 
building. 

Fig. 8 shows tlic relation of these gravels to the underlying rocks. 



Old Pt^ramidL 




^ Cc/ir^p. /jr£iAf£l ■cind'txnrj?tttncf/iie- 



(Jfiffaj/tnfi. limaAtwie- 



Clay^a, maris anJ Unushne/) 



FlG; >^. — yhHcJi filuiiriiKj relatiom of MiihUr EiH'i'nc to PVwcerw (irttrel Terraoet oti the east side iifthe FaijCni 



Birhct el Qnnoi. s',i". — (</.) Clays, marls and limestone: (&) Limestones willi Operculina (0. 'hncoulra?j. 
Pliocene I to Pleistocene) ; (c) Coarse deposits of gravel, etc., with huge blocks of 
derived Eocene limestone with CaroUa, etc.; (d) sands and sandrock with leaves 
of hard sandstone ; ic) sand, gravel and conglomerate. 



At the spur dF the cliff immediately to the east the terrace is laid on to limestones 
of the Birket el Quri'iii series at a height of 32 metres above the canal. Enormous blocks 
of f^'aro/iV/ -limestone, some exceeding 3 x 2 x 1"5 metres in measurement, are included in 
this deposit ; such blocks caniKjt have been transported far, and were doubtless derived from 
formerly-existing higher beds in the immediate neighbourhood. The matrix of the deposit 
is usually crushed limestone with sand and gravel. Occasional fragments of silicified wood 
(and further west large logs), evidently derived from the Fluvio-marine beds, also occur. 
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In favoured localities the relation of the gravels to the Eocene is still better seen ; the 
lower beds of the terrace here are sometimes formed of sands and sandy beds dipping 10° 
eastward. 

At the little promontory 9 kilometres east of Sersena the same deposits reach an altitude 
of 157 metres above the canal below. 

Further north another cake of gravel caps the summit, attaining here 60-70 metres 
above the canal-level. Probably these deposits were originally more or less connected and 
continuous, but since their deposition denudation must have removed the greater part, as 
they are now only found here and there capping the highest points of the escarpment along 
the east side of the Faylim. Such isolated gravel-capped hills occur notably 12 kilometres 
east of Roda, 16|^ kilometres east and 17^ kilometres north-east of Tamia. 

Along the north side of the Fayum the same deposits are found, in some cases cover- 
ing large areas. 

Twenty-five kilometres N.N.E. of Tamia the Eocene beds, here an alternating series of 
clays and limestones, are capped by a deposit consisting of coarse rolled gravel, with blocks of 
sihcified wood enclosed in a sandy gypseous base, some 10 metres thick. A larger and 
similar deposit caps the next high ground four kilometres to the west, and about 9 kilometres 
N.N.E. of Garat el Faras ; in this case it forms a round-topped gravelly hiU-range, attaining a 
height of about 165 metres above the canal to the south-east. The loose gravel at many points 
passes into hard conglomerate, notably in the hiUs 9 kilometres east and 4 kilometres north- 
east of Garat el Gindi. At the former spot the conglomerate is composed of blocks of 
limestone, with round pebbles of flint and (juartz, sandstone and quartzite, and fragments 
of silicified wood, cemented by sand and calcareous material. Blocks of silicified wood also 
occur strewn on the surface of these gravel deposits. 

In the hills north-east of Garat el Gindi the gravel deposits do not occupy the 
summit of the escarpment but occur laid on to a platform of beds belonging to the Qasr el 
Sagha series. Behind, another escarpment, that of the Fluvio-marine series, rises to the 
plateau summit. 

Fig. 9 will show the general relation of the different formations in this part of the 
district. 

Near Elwat Hialla the deposits contain numerous blocks of basalt in addition to the usual 
constituents. The basalt is derived from the sheets interbedded at the base of the Oligocene 
a little to the north. As these gravels are here close to that formation, blocks of sandstone, 
basalt, and silicified wood now form a large proportion of the constituents. 

Along the north side of the Fayum depression, to the west of Elwat Hialla, the gravel 
terraces are almost absent, having been removed nearly completely by denudation. That 
the terraces once existed throughout this region is however shown by the small patches met 
with to the north-east of Widan el Faras, the eastern extremity of Jebel el Qatrani, and at 
several points high up on the escarpments as far west as the western end of the lake. Beyond 
the latter point these terrace gravels have not been noticed ; the slopes of the depression 



become more and more obscured hy loose superficial flints washed down from the plateau, 
and the existence of underlying terrace gravels could only be shown by detailed mapping. 







PLIOCENE (.TO PLEiBTOcrara) ....—/. 
UPPER EOCENE-OLIGOOENE.— e 
MIDDLE EOCENE — . . 



Terrace of gravel and conglomerate. 
Sands and Bandstones. 
Clays, marlB and limeetones of the Upper Mokattam. 



-Ski'tcli-vSectiou thruiigh suiniiiit nf F:iyuii] Kscarpmeat at Elwat Hialla. 



Near Widan t-1 Faias the terrace occurs at a le\cl ol about 220 metres above the Birket 
el Qurun, or 175 metres above sea-level, and consists of a 10-metre thickness of a semi- 
consolidated maws of boulders and pebbles of sandstone, limestone, and basalt, with fine 
o-ravel and sand, unconformably laid on to the variegated sandstones of the Fluvio-marine 



series. 



In the neighbourhood of the Survey's main excavations for fossil bones, to the north of 
(rarat el Esh, several local remnants of the formerly more or less continuous gravel terrace 
were detected'. The height was probably more accurately determined here than elsewhere 
and the upper limit of the deposits was found to lie at approximately 170 metres above sea- 
level ; this figure may indeed be taken ;ts the average height of the Pliocene terraces 
throughout the Fayum . 

^ It IB worth i'<;fn!-dtiij^ liere tluiL a. single worn specimiiii of i lucurciin aiufulifei'iis^ Lam., was found on tlie desert burface 
ill the neighbourhood of tln' bone-pits and at about tlip level of the highest gravel terrace. This determination was made \n 
Kullen NewtoD, who informs me the species occurs in the marine Pleistocenp ln'ach deposits of the Red Sea. 



< 

P4 







C5 



<z 






: 2: 



— 77 — 

Briefly then we have shown the existence o£ the well marked remains o£ a gravel terrace 
170-180 metres above sea-level, throughout the south-east, east, and north sides of the Fayum 
depression, and the first question that suggests itself with regard to these deposits is, whether 
they are of marine or of freshwater origin ? From their position in part capping and in part 
perched on the flanks of the escarpments, it is evident that the depression of the FayAm must 
have been partly formed before their deposition; probably it had approximately obtained to 
its present form and dimensions, except as to depth. The terrace certainly marks the shore- 
line of the sheet of water in which its constituents were deposited, and the surf ace of this water 
must have attained a height of nearly 200 metres above present sea-level. It is not 
unlikely that some of the extensive plains of the FayAm may owe their existence in part 
to the presence in Pliocene times of the sea or of a large inland lake, that they may in 
fact be plains of denudation. The plain above the escarpment of the Qasr el Sagha series, 
lying between 150 and 200 metres above sea-level, and stretching throughout a large part 
of the north of the FayAm, has characters which tend to support this idea. 

Unfortunately the gravels are entirely barren of contemporaneous organic remains, 
with one exception ; near Ez. Qalamsha some examples of Ostrea cucullata were discovered, 
and these Ave believe to have truly belonged to the lower beds of the terraces and not to 
have been derived from the undoubted marine Middle Pliocene beds of Sidmant. If the 
existence of 0. cucullata in these terraces could be confirmed we should undoubtedly class 
them as marine and of Middle Pliocene age. But the single evidence of the Qalamsha 
sheUs is not sufficient, and confirmatory occurrences must be obtained and, if possible, 
the relation of the terraces to Schweinfurth's marine Sidmant beds determined, which 
has not been yet done. 

M. — Gypseous deposits, probably dating- from the close of the Pliocene Period. 

Of distinctly later date than the gravel-terraces are the widely distributed gypseous depo- 
sits of the Fayum and Nile Valley. These deposits are found covering the plain which sepa- 
rates the Nile Valley cultivation from the Fayum depression, gradually rising from the level 
of the former until they overlie the gravels capping the summit overlooking the Fayum 
(Section XXI). 

Near the Pyramid of Medum the following beds are seen at the edge of the desert plain: — 

Tup. 

Pure, gravelly, or marly gypsum 

Clayey shales with gypsum and salt 

White marly limestone with much salt and ^ 

fish-remains (fish-scales, etc.) ^ probable part of Ravine beds. . 

Yellow sandstone with fish-scales, etc ' 

The gravel deposits along the east side of the Faylim are always capped by a gyp- 
seous bed. The latter is often 2 metres thick and frequently occurs as solid and almost pure 
white crystalline gypsum ; sometimes it is calcareous and is frequently deposited in a tufa- 
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ceous manner, especially resembling a tufa on the weathered surface. At other times it 
passes into a yellowish compact mass and may be very saliferous. 

Frequently the deposit is full of rounded pebbles, the latter being often in the greater 
proportion and forming a sort of gypsum-cemented conglomerate. Not unfrequently it is 
impossible to draw any divisional line between the terrace gravels and the gypseous gravels 
above. Probably they are both closely connected and of Upper Pliocene age. 

S. — Summary of the Pliocene Period. 

From the above descriptions it is probable that the Pliocene period is represented in 
the Fayilm by the following : — 

(1) Marine beds of Sidmant, undoubtedly of Middle Pliocene age and reaching a 
level of from 60 to 70 metres above present sea-level. 

(2) Borings on exposed rock-surfaces at two distinct levels, the lower 0-20 metres, 
the higher some 112 metres, above sea-level. These borings appear to be the Avork of 
marine boring mollusca, and although those on the lower level may perhaps be of Middle 
Pliocene age with the Sidmant beds, the similar examples discovered at a much higher 
altitude (112 metres), point to the sea having attained a much higher level in later, perhaps 
Upper Pliocene, times. 

(3) An extensive beach or terrace of gravel on the south-east, east, and north sides 
of the Fayum, attaining a maximum level of about 170 to 180 metres above sea-level. 

All the known facts seem to be satisfied if we imagine that in the Middle Pliocene 
the sea occupied the area, depression probably continuing until the 112 metre level with 
the highest borings was reached. Perhaps the lowest part of the terraces was formed 
during this time. In the later Pliocene times we may infer that the area was occupied, up 
to 180 metres above present sea-level, by a vast inland lake, perhaps of brackish water, 
connected with the sea on the one hand and the fiord or lakes of the Nile \'alley on the 
other, the deposits of which have been described elsewhere^ 

Along the margins of this gigantic lake, these great accumulations of gravel might 
well have been formed, chiefly of material derived from the immediate shores, augmented 
perhaps by a certain amount of sediment brought by river-currents from the south. 

Finally, from the way in which the gypsum and gypseous deposits are laid on the 
terrace gravels, and from their extension and thickness, we may presume that they were 
deposited on the bottom of just such a lake on evaporation of its water, when the 
sulphate of lime in solution, becoming more and more concentrated, may have been finally 
precipitated." 

' BeadNELL, /Ji'riiuri'rtex /ini/oi/ii/iir.^ Ilecriites dans la ValUe 'ilii, yil et If Desrrt hihiien, VIII' Ciingrts G-60I. Intern. 
l',)00. Paris 1901, pp. l'.".-27. 

'' Doubt hiis recKiitly been thrown by Annirii-aii writers on the possibility of large or thick deposits of fiypsiini being 
formed by precipitation. Sn- R.S. Shbbwin'. Xu'es ontketlienriei nf origin, of gypsum dppoxit.i, Kansas Acad. Sci. Tran.M. Vol. 1^. 
I'.io:-!, pp. ^'S.j-S«. 



— 70 — 



Section XIII.— PLEISTOCENE. 



The course of events in Pleistocene times is at present obscure. As far as can be 
judged it was during this period that a freshwater lake, the precursor of the great Moeris, 
came into existence. It might be thought that the early Pleistocene prehistoric lake was a 
relic of the still older body of water of Pliocene times, in which the gravel terraces and 
gypseous deposits were laid down. But such a remnant would have been of a high degree 
of sahnity and could not have given rise to the fresh water Moeris. Most probably at the 
close of the Pliocene period, after the formation of the gypseous deposits, the area became 
elevated and cut off from the sea and from the Nile Valley marine fiord ; probably an 
extensive body of water remained as an isolated lake, but this, cut off from external supply, 
would have gradually evaporated, its salt being left as a superficial deposit on the dried up bed. 
In early Pleistocene times we may presume the area became dry and was gradually eroded 
to its present shape and depth. The superficial deposits of salt and gypsum were for the 
most part removed as the depression was deepened, while the continuous terrace of gravel 
laid round the greater part of the rim was broken through, except where protected in 
favourable locahties, the constituents being washed down and spread out over the lower 
ground. In course of time the region was moulded to its present form and dimensions, 
or rather to what it would be if the local alluvial deposits were stripped off and the water 
of the lake baled out. The area was an inland depression, probably sparsely vegetated like 
the rest of the higher country and separated from the Nile Valley by a low rocky ridge 
surmounted by a more of less continuous terrace of gravel of considerable height and 
thickness. In our opinion desert conditions had already set in before the early Nile broke down 
the ridge and formed a lake in the Fayum ; the date when this important event first took 
place is a matter or considerable doubt, as has already been mentioned (pp. 24, 25). We know 
that at the close of the Pliocene period the Nile Valley was a marine fiord (connected with 
the Fayum and the Mediterranean) which was replaced in Pleistocene times, probably in 
consequence of slight elevation, by a series of fresh water lakes throughout the valley. 
These lakes were probably two or three in number and drained one into the other ; the 
exact position of the barriers is as yet a matter of conjecture. Within these lakes thick 
lacustrine deposits were accumulated, so that the basins eventually became to a great extent 
silted up. In later Pleistocene times drainage down the Nile Valley appears to have become 
more pronounced, the barriers between the lakes were broken down and the river cut for 
itself a channel through the lacustrine beds, filling up the old lake basins. From this time 
onwards to early prehistoric times the bed of the river would appear to have steadUy fallen, 
as it eroded its channel deeper and deeper. That this early Nile was a river of considerable 
size is evident from the amount of erosion it accomplished in the trough of the vaUey, 
whence the older lacustrine beds have been almost completely removed. Probably in the 
lower part of its course it swept against the base of the dividing ridge between the Nile 
Yalley and the Fayum depression. If, as we imagine, the river was at that time flowing some 
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20 metres higher than at present its currents would have met with little resistence from the 
loosely cemented terrace of gravel which formed the upper part of the dividing ridge. 
Once this was broken down the waters must have poured into the depression behind, until 
a lake of considerable size was formed. The sediment spread out over the floor in the shape 
of a fan, while at the same time deposits of sands and fine clays, blown and washed into the 
waters from the surrounding shores, were b(-iMg slowh' accumulated in the quieter and more 
remote parts of the lake. 

For some time subsequent to the first connection between the Fayum depression and 
the Nile, the latter continued to fall in level owing to continued erosion along its course, 
possibly the Fayum again became completely isolated for a time. Subsequently in the 
earliest historic times under changed conditions the rix-^er commenced to carry and lay down 
the modern alluvial deposit of "Nile mud", and from this time to the present day its bed 
has gradually risen. This is shown by the high Nile flood-readings on the early gauges of 
the Nile N'allej'- ; the nilometer at Eoda shows a difference of 1-22 metres in 1026 vears. or an 
annual rise of 0"12 centimetre, which is equivalent to 12 metres in 10,000 years ^ Whether 
there was ever complete disconnection between the Nile and the originallv formed lake in 
Pleistocene times is uncertain, but even so it was jn-uhnbly only during a comparatively short 
period : in early historic times tlic rise of the Nile bed umst have brought about a recon- 
nection. 

The geological evidence for the existence of a great freshwater lake in Pleistocene and 
prehistoric times is afforded by the well-marked lucustrineclays and sands which are found 
over such a large area of the northern and western deserts of the Fayum; the great extent 
I )f this lake ^vill be seen by an examination of the accompanying maps. Its area must have 
been about 2250 square kilometres or about ten times the size of the modern Birket el Qurun. 
The western limit may even have been further west than shown on fig. 10.,^ as some of the 
desert in the neighbourhood of Gar el Gehannem is very low-lying; or there may have 
existed subsidiary Likes in that direction. The upper limit of these ancient lacustrine clavs 
is between 22 and 23 metres above sea-level, wliicli exactly agrees with the figure adduced 
by Sir Hanbury Brown as the height of the more modern Lake Moeris from the evidence 
of levels. That Lake Moeris was simply the older prehistoric lake placed under artificial 
control admits of no doubt ; the difficult question l>eiiig as to when the lake first came into 
existence in prehistoric times. 

The clays abound in freshwater- shells and sirni-fossil fish-bones of exacth' the same 
species of fish (siluroid, etc) !is still inhabit the Birket el Quriln ; probably some are even 
hardh- different specifically from the Middle Ivjciuic forms of the district. In addition 
remains of large animals are coinmon. and includr I lipiiopotamvs. /'J/ephas^ Bu/niJ/s, sheep or 
goat, and Cmtis. with crocodik^s and turtles, etc.' 

1 Egyptiiui li'i'i;;-;ai(iii (1809), p. :i2. 

2 The soiitliiTii liiiiitM of the site (lu'dkfii line) ;ire talceu fmiu tlie inii|i.s of Brown and Will(■ocii^^. 

■* The mil I II II 111 linn remains culleeteil from these, lacustrine eliiys liine not yet been systematically examined. I)r. Andrews 
has however determined some of the genera present see, ■• Ve^'.v n» ,/» l;.rppfl;t',nn fn thr Fayum, Egypt", Geol.Mag.No. t70 

Ainr ioii:i p|.. :i:i7-:u:f. 
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Martens ^ has described the following species of mollusca from Schweinfurth's col- 
lections : — 

Unio abyssinicus. Mart. Bitliynia aff. Boissieri, ("Jharp. 

U. Schweinfurthi, Mart. Melania tuherculata, Miill. 

Corhitulafluminalis, var. consohrina Caill. Limnaea natalensis, Krauss. 

Neritina nilotica, Reev. /^ maris Mart. 

Valvata nilotica, Jick. i] palustris, Mull. 

ffl^o/>a<m ptro<7«, Jick. Planorbis subangulata, Phil. 
C.ptrothi, var., umcarinata, Mart. 

Blanckenhorn has pointed out '^ that this fauna is of special interest and differs from 
all fossil and living faunas in Egypt. It might be compared with the Jfelanopsis-iauna, of 
the Nile Valley if the exceptional Limnaea were replaced by Afelanopsis or Paludina. Its 
Unio Schweinfurthi recalls the youngest alluvial deposits of the Nile Valley, 2nd Cataract, 
Kom Ombo and Silsila ; at these places, however, the beds containing the species in question 
are at least 20 metres above mean water level of the present day. 

The sub-fossil fauna of the FayAm alluvium, in addition to those forms everywhere met 
with in the Nile Valley, includes Neritina nilotica and Melania fi/hem/Iata, which are common 
forms of the Melanopsis stage, as well as Unio abyssinicus and Valvata nilotica. In common 
with the present fauna of the Birket el Qurun it has the five forms belonging to the genera Cor- 
hicula, Neritina, Valvata, Melania, and Planorbis. The sub-fossil fauna, which passes into the 
modern fauna of the Birket el QurAn, shows connection with the Mediterranean and Blue 
Nile, but has a total absence of White Nile forms such as Ampullaria, Lanistes, Cleopatra 
bulimoides, Spat^a and Aetheria. Moreover Liimuva palustris, although identical with the 
form found on other Mediterranean coasts, is as yet entirely unknown from the Nile Valley. 
Blanckenhorn concludes that the diluvial subfossil deposits of the Fayum were produced 
when the climate of Egypt was damper and more Europa3an, the Nile carrying more arena- 
ceous sediment in place of the mud of to-day and running at higher level, as it did when 
the shells of Unio Schweinfurthi were enclosed in the deposits of Jebel Silsila. Blanckenhorn 
thinks the Nile obtained access to the depression during the last European ice period. This last 
supposition, coupled with the above comparison of the Fayum fresh-water fauna with the 
Melanopsis stage of the Nile Valley Pleistocene series, shows that in regarding the early 
Fayum lake as dating from prehistoric times Blanckenhorn and the writer are in agreement. 

Section XIV.— RECENT. 

We may divide the Kecent period into two epochs. Prehistoric and Historic, always 
remembering that the line of demarcation is not much more distinct than that between 
Recent and Pleistocene. 

1 Mabtbns Suhfimile Susswasser-Conchylien aii.i dem Fajinn, Sitz. Ber. Gesell. naturforsch. Freunde, Berlin July, 1879, 
S. 100 u. Oct. 1886, S.126. 

- Geolugie Mgyptens, pp. 444-446. 
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0. — Prehistoric . 



The abundance of worked flints on the desert just within and around the site occupied 
by the Fayum lake in late Pleistocene and prehistoric times, shows that the shores were 
eventually inhabited by people who made and used these primitive tools. That the edge 
of the lake was abundantly wooded is shown by the thousands of well preserved tamarisk 
stumps met with at the present day in situ (Plate XIY) in the clays throughout the 
former margin of the lake. 

The implements occur chiefly along the margin of the highest level of the old lake, and 
have probably in many cases been buried in the lake clays until the present time, which would 
account for their beautiful state of preservation. We have not, however, yet actually detected 
them enclosed Avithin the clays, although commonly found lying on the clean wind-worn 
.surface. From the fine degree of workmanship we may undoubtedly refer these flint 
implements to the Neolithic or later stone-age, although the exact date is doubtful. That 
they were made and used while the lake still stood at its highest level seems certain, but as 
we have shown abox'e, the lake, as a sheet of water up to 23 metres above sea-level or there- 
abouts, probably existed far anterior to the Egyptian historic period. They might, on the 
other hand, as far as the evidence from the position of the lake goes, have been used by the 
inhabitants of the lake-margin down to the great reclamation which took place in Ptolemaic 
times. As it seems impossible to date them by comparison with flints of known age from 
any Egyptian period, we may perhaps conclude that they are at least of older date than the 
earliest Egyptian records.^ 

P. — Historic. 

In historical times, under conditions almost identical with those of the Nile of to-da}', 
there would have been an annual inflow during tlie flood and outflow back to the Nile 
when the latter subsided ; during the inflow a constant supply of Nile mud was brought 
into the lake and deposited on the surface of the earlier alluvium, continually augmenting 
the thickness of the latter and raising its surface, until in the central area marshy land 
began to appear. In the XII Dynasty this natural backwater of the Nile, which 
acted as a more or less efiicieiit regulator of high and low floods, was brought under 
human control b}' Amenemhat I, and a considerable area of land reclaimed from the 
shallowest part of the lake, or that part of the country now lying near Edwa, Medinet el 
Fayum, etc. The new artificially controlled lake was called Moeris, and its wonders are 
mentioned by Herodotus, Diodorus Siculus, Strabo and Pliny. 

The actual position of Lake Moeris has been the subject of much discussion, the late 



' Foi' figureB and details <>l these flints see a paper by the writer, yeiiUtliir Flint JmpJementu frovi the ADrthern JJenert 
of the Fayum, Egypt, Um\. Mag., Dec. IV., Vol. X., pp. 53-59, Febr. ]90,<i. 
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Linant de Bellefonds* having asserted that it was a high-level lake, quite distinct from the 
Birket el QurUn, occupying the gap in the hills by which the Bahr Yusef enters the 
Fayiim, its encircHng bank commencing at Edwa and passing through Biahmu, Medinet, etc. 
Sir Hanbury Brown has," however, completely demolished Linant's theory, which is 
shown to be absolutely untenable; and has proved conclusively that the ancient Moeris 
occupied the greater part of what is now the cultivated land, as well as the area covered 
by the present lake and a considerable part of the surrounding desert, the reclaimed land 
being in fact part of the very district Linant supposed the lake to have occupied. Since 
the publication of Brown's work complete corroborative evidence has been forthcoming 
from two distinct sources, one archaeological, the other geological. The latter has already 
been mentioned. 
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Fig. 10. — Sketch Map showing approximately tln> site of Lake Moeris. 

It was clear from the map of Claudius Ptolemy that the route through the Fayum to 
the Oasis Parva left Bacchias near the north end of the lake, and passing between Arsinoe 
and Lake Moeris, reached Dionysias near the other end. The archaeological researches of 
Messrs. GrenfeU and Hunt' have shown that Bacchias occupied the site of the modern Um 

1 Memaires suv les priwipavx tracii)i,T iVufiliti iiiil>l'u[He exiciith en Egy/ite dejruia la iiliix haute antiifvite. jxxqti'ii mis 
jmn. 1872-1873, Chap. II. 

2 Op. cit. pp. 28-40. 

' -'The disposition of the Lake Ma-i-ix" in the AroliiRological Report of tlie Egypt Explor. Fund 18S)8-1899, Pt.I.D.,pp. 1H-1.'>. 
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el Atl close to one end o£ the Birket el Qurun, while Dionysias was probably in the 
neighbourhood of Qasr el Banat or Qasr el Qurun. Thus the Ptolemaic Lake Moeris was 
almost identical with the nKjderu Birket el ("^arun. Neither did the sites excavated yield 
a trace o£ anything older than the third century B. C. Theadelphia and Philoteris were 
founded in the reign of the second Ptolemy, when a great reclamation of the land from 
the lake took place, and probably Euhemeria, Dionysias, Karanis and Bacchias date from 
the same reign. 

The archaeological evidence is thus briefly summed up by Grenfell and Hunt : 
" Originally the lake filled the whole basin of the Fayum, the first reclamation being carried 
out by Amenemhat I, who built the great dam at El Lahun, where the Bahr Yusef enters 
the province, and recovered the high ground near the entrance as far as Biahmu, and a 
point between Abshawai and Agamiin. This remained the Pharaonic province until the time 
of Herodotus, when the water still came up to the colossi at Biahmu. Subsequently aU 
the land now culti\'ated below the level of the Pharaonic province was reclaimed, chiefly in 
the reign of Ptolemy Philadelphus, when Lake Moeris was reduced nearly to the size 
of its modern representative, the Birket el Qurun". 

Present day Fauna As mentioned above, the Pleistocene fauna of the Fayum differs in one or two particulars 

of the Birket A ' ^ _ . ^ 

Qurftn. from the fauna of the present day. The commonest living molluscan forms include the 

following : — 

Corhiculaflum'inalh. Vahxita nilotica. 

JVeritina niloticn. Melania tuberculata. 

Cleopatra hnlimoi-Ies. Planorhis Ehrenbergi. 

Hydrohia staf/indif. P. marginatus var. subangulata. 

Blanckenhorn ^ has pointed out that in this fauna Hydrobia stagnalis, as a typical 
brackish water form is of special interest. The species appears to have established itself in 
the Birket el Qurun in modern times, as it has not been found in the youngest alluvium of 
the lake, nor is it known in the modern Nile fauna. 

Modern Deposits : Exccpt f or the gradual accumulation of silt over the bed of the Birket el Qurun — sand 

plosion. and clay carried in by the wind and the fine sediment borne by the feeder canals — the only 

modern deposits of any importance are those of blown sand. The extensive arenaceous 
deposits of younger Tertiary age, forming the greater part of the continent from the latitude 
of the Faylim to the Mediterranean shores, yield as a result of the action of denudation a 
constant and abundant supply of the raw material. The sand carried southwards by the 
prevailing winds accumulates as dunes in the lowest parts of the depressions, on the slopes 
of cliffs, and in all the less exposed localities. Wind swept areas remain free or are only 
gradually encroached on by slowly growing linear dunes originating in the wind-shadow of 

> Blanckenhorn, op. cit. p. 463. 
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some protecting hill or ridge. An unique example of such a dune is to be seen at the south 
end of the well-marked ridge a few kilometres east of Gar el Gehannem (Plate XV). 

The main accumulations of blown sand are in the southern part of the Fayum; large 
areas of the floors of Wadis Rayan and Moela are covered with dunes, while in their imme- 
diate neighbourhood the material has accumulated to such an extent as to blot out entire 
cliffs and valleys ; immediately to the west of Gharaq a considerable area is covered with 
small but steep dunes ; and finally must be mentioned the great linear belt of sand, known 
as the Ghart el Khanashat, which starting from a point about midway between the Wadi 
Natrun and Mogara comes to an abrupt termination some 24 kilometres before gaining the 
northern escarpment of the Fayum depression (see page 23). 

As might be expected in an area like the Fayum, where sedimentary rocks of every type 
are met with, and where the wind never wants for a sufficient supply of the necessary sand, 
superficial erosion is everywhere well marked. We do not propose to study here the action 
of wind-borne sand and it will be sufficient to mention two localities where the effects are best 
seen ; one is in the neighbourhood of Garat el Esh, where the most remarkable scoring and 
grooving is to be seen on the two beds of limestone capping the upper and lower cliffs of 
the Middle Eocene ; the other is the Zeuglodon Valley, and here the sculpturing of the 
sandstone of the Birket el Qurun series is of the finest and most unique description. 



APPENDIX I. 
PREVIOUS LITERATURE RELATING TO THE FAYUM. 



AsTyREWS C.W —Eatinct Vertebrates from Egypt. Parts I, II, Geol. Mag. N. S. Dec. IV. Vol. VIII, 
Sept. and Oct, 1901. 
^Votes on an Expedition to the Fayum, Egypt, with description of some new Mammalsj Geol. 

Mag. N.S. Dec. IV. Vol. X. Aug. 1903. 
Further Notes on the Mammals of the Eocene of Egypt, (Pts I, II, III), Geol. Mag. N. S. Dec. 

V. Vol. I. March, April, May, 1904. 
A note on the occurrence of a Ratite Bird in the Upper Eocene beds of the Fayum, Egypi. Proc. 
Zool. Soc. London, 1904, Vol. I. 
Andrews, C.W. and Beadnell, H.J.L. — A preliminary note on Some New Mammals from the Upper 
Eocene of Egypt, Survey Dept., P.W.M., Cairo, 1902. 
A preliminary Notice of a Land Tortoise from the Upper Eocene of the Fayum, Egypt. 
Survey Dept., P.W.M., Cairo, 1903. 
Beadnell, H.J.L. — Ddcouvertes GSologiques R4cent6s dans la ValUe du Nil et le Ddsert TAhyen, VIII. 
Congr. G^ol. Intern. 1900. Paris, 1901. 
The Fayum, Depression ; a Preliminary Notice of the Geology of a district in Egypt containing 

a new Palaeogene Vertebrate Fauna. Geol. Mag. Dec. IV. Vol. VIII No. 450, Dec. 1901. 
A preliminary note on Arsinoitherium Zitteli, Beadn., Survey Dept., P.W.M., Cairo, 1902. 
Neolithic Flint Implements from the Northern Desert of the FayUm, Egypt. Geol. Mag. Dec, 
IV. Vol. X. Febr. 1903. 
Blanckenhorn, M. — Geologie yEgyptens (Pts I-IV) Zeitsch. Deutsch. Geol. Gesell. Berlin, 1901. 

Neue geologisch-stratigraphische Beobachtungen in jEgypten, S.-Ber. d. math.-phys. Classe 

d. Kgl. bayer. Ac. d. Wis^. Bd. XXXII, 1902, Heft III, Miinchen, 1902. 
Die Geschichte des Nil-Stroms in der Tertidr-und Quartdr periode, sowie des Palaeolithischen 

Menschen in ^gypten. Zi. d. Ges. i. Erdk. Z. Berlin, 1902. 
Nachtrdge zur Kenntniss des Palaeogens in ^gypten, Centralb. £. Mineral. No. 9. 1903. 
Brown, Sir Hanbuet. — The Fayum and Lake Maris, London, 1892. 
CossMANN, M. — Additions a la Faune Nummulitique d'Egypte, Cairo, 1901. 
Dames, W. — Uber eine Tertidre Wirbelthier Fauna von der westlichen Insel des Birket-el-Qurihi in. 

Fayum (u^Egypten). Sitzungsber. Akad. Wissensch., Berlin, 1883. 
Dames, W. and ILayser. — Uber Zeuglodonten aus ./Egypten und die Beziehungen der Archosoceten zu 

den ubrigen Cetacean. Palaeont. Abhand. I.V. 5, Jena, 1894. 
Editor Geological Magazine. — A New Egyptian Mammal (Arsinoitherium) from the Fayum. Geol. 

Mag. N.S., Dec. IV, Vol. X, Dec. 1903. 
Elliot Smith, G. — The Brain of the Archaeociti, Proc. Eoy. Soc. Vol. 71. 
Flinders Pbtrie. — Hawara, Biahmu and Arsimt^, Egypt. Explor. Fund Reports, 1889. 
Garstin, Sir y^lLiAAM..— Report upon the Basin of the Upper Nile, Cairo, 1904. 
Grenfell AND Hunt. — The disposition of the Lake Mwris, Archaeol. Rep. Egypt. Exploration Fund. 

1898-99. Pt. I. D. 
LiEHNUR, Western and Scott Moncrieff, Sir Colin. — Notes on the Wadi Rayan, Cairo, 1888. 



— ,s,s — 

LiNANT DE Bellbfonds. — Mi'moivi's sur les travaiij- pulilirs en Egypte, Paris, 1873. 

Me'moii-f'.'i sur les prinnpau.v tnirav.r d'tifilite' piiliUqiie execute's en Egypte depuis la plus 
limit e luit'iqnit^ jusqv^a nos jours, 1872-1873. 
Lucas, A. — A preUminary Iiivesthjation of the Soil and Water of the Fay {mi Province, iSurvey Dept., 

P.W.M., Cairo, 1902. 
Martens. E.v. — Suhfossile Silsswasser-Conchylien aus dem Fajum. Sitz. Ber. Gesell. naturf. Freunde, 

Berlin, 1879.. 
Mayer-Eymae,— L'oa.';/.-; de Moehh, Bull, de I'lnst. E,<ryi)t., April, 1892. 

JS'iniveUes Recherches sur le Ligurien et le Tongrien d^Egypte, Bull, de I'lnstit. Egypt., 
April, 1891. 
Die Versteineriingen der tertinren Sehichten von der westlichen Insel im Birket-el-Qnrihi See, 
Paleontogr. N.F.X., ,3, (XXX). 
Oppenheim, p. — Zur Kenntnis alttertiarer Faxmen in Aegypten, (I). Palaeontographica, Dreif . Band. Ill, 

Puhlic Works Ministry reports, 1889-19(11. Abt. Erst. Lief. Stuttgart, 1903. 
Reinach, v. — SchildlrOfenrestp aus dem Ogi/ptischen Tertii'ir. Sonderabd. aus d. Abhand. d. Senckenb. 

natur. Gesellsch. XXIX, I. Frankfurt, 1903. 
ScHWEiXFURTH, G. — Reise ill das Depressionsgehiet im Umlreise des Faji'im, Zeitschr. Ge,-. F. Erdkunde, 
Berlin, 1886. 
A note on the Salt in the Wadi /An/K//, Appendix II, Egyptian Irrigation (Willcocks ), London, 1899. 
vScoTT MoNCEiEFF, SiR CoLiN — Note on t lie WadiRitiiiii Project, Cairo, 1889. 

Stromer, E. — Zeiii/lodonten-Reste aus dem oheren Mitteleoean des Fayum, Bayer. Akad. Wissensch., 
Bd. XXXIL 191 »2. 
Kinjijes idler Ban und SteUung der Zeiiglodoiiteii, Zeitschr. d. Deutscli. Geolog. Gesellsch. 1903. 
Si'e alxi Beitriige zur Palaont. u. Geol. Osterr.-L'ngarins u. des Orients. Band XY. 
Heft II and III. 
Afrikii als h'iitstehuiigs:eiitriim fiir Saiigetiere, Zeitschr. d. Deutsch. Geolog. Gesellsch. 1903. 
AVhitbhousk, Cul'E. — Bull, of the Amerirau Geograpliind iSoriety, 18S2. 

Willcocks, Sir William. — Perennial Jrrigation and Flood Protection in Egyjn, P.W.M. Report, 
Cairo, 1.S94. 
Egyptian [rrigation. 2nd Edit. London, 1899. 
The Assiian Reserroir and Lake Mccris. London, 1901. 
ZiTTEL, K. V. — Geologie u. Palaeontiiliigie der Lihysrhen Wi'iste, (Jassel, 1883. 



— 89 — 



APPENDIX II. 



Paul Oppenheim has recently published^ a description of a large collection of Egyptian 
lamelhbranchs ; the following is a list of the species of which examples have been collected 
in the Fayum (including Rayan and Moela). Figured species are marked by an 
asterisk. 



*Gryphaea pharaonuni, Oppenh 

*Ostrea (Gryphaea) Whitehousei, May.-Eym. 
*0. „ Edmondstonei, May-Eym. 

*0. „ histris, May.-Eym. . . 

* Gryphaea (?) arabica, May.-Eym 

*0. elegans, Desh 

*0. Fraasi, May.-Eym 

*0. Stanleyi, May.-Eym 

*0. Cailliaudi, May.-Eym 

*0. ramosa, May .-E 3111 

*0. plicata, Sol 

0. paucicostata, Oppenh 

0. Reili, Fraas 

0. Schweinfurthi, May.-Eym 

0. Sickenbergeri, May.-Eym 

*0. Hessi, May.-Eym 

*0. qeruniana, May.-Eym 

0. gigantica, Sol 

*0. (Alectryonia) Clot-Beyi, Bell 

*0. ( „ ) Bellardi, May.-Eym.. .. 

0. ( „ ) semipectinata, Schafh. . . 

*0. ( „ ) Mehemeti, May.-Eym. . . 

Carolia placunoides, Cantraine 

*Pecten moelehensis, May.-Eym 

*P. Cailliaudi, Oppenh 

Plicatula pyramidarum, Fraas 

P. Bellardi, May.-Eym 

P. indigena, May.-Eym 

*P. Schweinfurthi, Oppenh 

*Spondylus segyptiacus, Newton 

*S. Eouaulti, d'Arch 

*S. perhorridus, Oppenh 

'Vulsella crispata, Fischer 

*V. lignaria, Oppenh 

*V. moelehensis, Oppenh 

* V. chamiformis, May.-Eym 

*Nacula Mceridis, Oppenh 

*Cucullaea dimehensis, Oppenh 



Lower Mokattam. 



Upper (and intermediate) Mokattam. 
Lower and Upper Mokattam. 

Upper Mokattam. 

Lower Mokattam. 

Mokattam Series. 

Lower Mokattam. 

Lower and Upper Mokattam. 

Upper Mokattam. 

)) 
Lower and Upper Mokattam. 
Mokattam Series. 

Upper (and intermediate) Mokattam. 
Lower and Upper Mokattam. 
Lower Mokattam. 



Lower and Upper Mokattam. 
Lower Mokattam. 
Lower and Upper Mokattam. 
Upper Mokattam. 
Mokattam Series. 

Lower Mokattam. 

Mokattam Series. 

Lower and Upper Mokattam. 

Lower Mokattam. 

Lower and Upper Mokattam. 

Lower Mokattam. 



Upper Mokattam. 



^ Zur Kenntnis alttertiiirer Faunen in Aijijpten. Pt. I. Der Bivahen, ersfer 7>II. riilat'oiitograpliica Bd. XXX, HI. 

12 
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*Arca biibplanicostata, Oppenli 

*A. Tethyis, Oppenh 

'A. uniformis, Oppenh 

'A. tenuifilosa, Cossm 

*Pectun(julus juxtadentatus, Cossm 

*P. aegyptiacu(!i, Oppenh 

*Cardita Viquesneli, iFArch 

* '. acuticostata, Lk 

'C. mokattamensis, Oppenh 

^C. fayumensi>, Oppenh 

'C. fidelis, May.-Eyni 

*C. Mosis. Oppenh 

*Crassatella fajumensis, Oppenh 

C. Junkeri, May.-Eym 

C puellula, May.-Eym 

*( ". trigonata, Lk 

*Lucina pharaonisi. Bell 

*L. Rai, Oppenh 

*L. polythele, Oppenh 

*L. calliste, Oppenh 

*L. gibbosula, Lk 

*L. fajumensis, Oppenh 

*L. sinuosa, Bell 

*Diplodonta cycloidea. Bell 

"D. inflata. Bell 

*Lucina (Diplodonta) eorpusculum, Oppenh 

*Cardium desertorum, Oppenh 

*C. Schweinfurthi, May.-Eym 

*Cyrena (Corbicula) Blanckenhorni, Oppenh 

*Cyprina aegyptiaca. Oppenh 



Upper Mokattam. 
Mokattam Series. 
Upper Mokattam. 
Mokattam Series. 
Upper Mokattam. 

fjower and Upper Mokattam. 

Upper Mokattam. 

Mokattam Series. 
Upper Mokattam. 



Mokattam Series. 

Lower and Upper Mokattam. 

Mokattam Series. 



Upper Mokattam. 



Mokattam Series. 



Upper Mokattam. 



iisriDEx: 



Abshawai— 30-31, 84. 

Abu Roash as an island — 65. 

Acacias — 25. 

Adaptive radiation o£ Hyracoidea, Ac. — 69. 

Aegean plateau, UirafFes, &c. of — 69. 

Aethena — 81. 

Africa with Europe or Asia, Connection of — 68. 

Africa as centre of mammalian radiation — 68, 88. 

Agamiin — 84. 

Agassizia gibherulus — 52. 

Ain Warshat el Melh— 20. 

Air passages of crocodile skulls, as casts — 52. 

Ahera aff. striatella — 51-52. 

Alectryonia Clot-Beyi — 35, 50-52. 

Allen— 69. 

Alluvial deposits— 23, 25-26, 29, 39, 79-81. 

Alluvial soil. Composition of — 11-12. 

Alluvium covering eastern area — 25, 30. 

Amenemhat 1—13, 26, 82, 84. 

Ampullina hybrida — 51. 

AmpuUaria — 51, 81. 

Analyses of water — 13, 22. 

Analysis of fossil bones — 54. 

Analysis of ox bone — 55. 

Ancodus Gorringei — 34, 59, 70. 

Andrews, Dr. C. W.— 10, 34, 52, -V,), •;«, 71, 80, 87. 

Anisaster gibherulus — 52. 

Anomaluridae — 68-69 . 

Anoplotheres — 69. 

Antelopes — 69. 

Aquatic animals — 55. 

Aquatic hyracoid — 69. 

Area — 53, 60. 

Area Edwardsi — 43. 

Area subplanicostata — 90. 

Area tenuifilosa — 90. 

Arm tethyis— 52-90. 

Area uniformis — 90. • 

Archffioceti— 44, 52, 87. 

Ard varks — 69. 

Area of Birket el Qurun — 13. 

Area of cultivated land — 11. 

Area of desert in depression — 15. 

Area of Fayum depression — 9-11. 



Area of Fayum freshwater lake — 80 

Arenaceous deposits— 84. 

Arenaceous sediments of Nile — 81. 

Argillaceous sandstone — 36, 39, 46. 

Argillaceous sands — 57. 

Armadillos — 69. 

Arsinoe— 13, 83, 87. 

Arsinoitherium — 10, 54, 59, 62, 68-87. 

Arsinoithenum Andrewsii — 34, 70. 

Arsinoitherium Zitteli — 10, 34, 59, 70, 87. 

Assuan Reservoir — 88. 

Astarte — 46. 

Astrohelia similis — 35, 43, .^1. 



Baboons — 69. 

Bacchias — 83-84. 

Baharia Oasis— 9, 25, 27, 29, ii6, 67. 

Bahr Belama — 18. 

Bahr Yusef— 11-12, 17-18, 2.')-26, 83-84.. 

Balanus — 39, 47. 

Ball, Dr. J.— 66. 

Barbatia — 60. 

Barriers between Nile lakes — 79. 

Barron, T.— 71. 

Barton Clay— 58. 

Bartonian beds — 13, 53-70. 

Barytherium — 10, 51, 68. 

Barytherium grave — 35, 51, 70. 

Basalt sheet— 15, 28, 34, 53, 56-64, 75-76 ( deri ved ). 

Basins receiving drainage — 25, 79. 

Bats, Ravine of El— 29-30, 37, 39-40. 

Beadnell, H. J. L.— 10, 33, 59-60, 6.5-66, 7S, .S7. 

Beauchamp sands — 58. 

Beekite — 61. 

Biahmu— 13, 83-84, «7. 

Birds, Fossil— 70-87. 

Birket el Qurun— 11, 12-14, 16, 23-25, 27-28, 30- 

32, 36, 40-41, 43-47, 49-50, 56, 61, 72-73, 80- 

81, 83-84, 87-88. 
Birket el Qurun Schichten — 63. 
Birket el Qurun Series— 23. 27, 3.5, 41 -50, 52, 64, 

72-74. 
Bithynia aff. Boisxii'vi — SI . 
Blanford- 69-70. 
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Blanckenhorn, Dr. M.— 30-31, 34, :'.'.», 45, 58, 60, 

64, 66, 71, 81, 87. 
Blue Nile fauna — 81. 
Bone horizons & pits — 52, 54, (i2, 76. 
Borings^ Artesian — 18. 
Borings at Medinet el Fayum— 29-30, 41. 
Borings by molluscs — -23, 34, 43, 71-73, 78. 
Borings by shells at two levels — 72-73. 
Borsonia — 37. 

Boulders in gravel terraces — 76. 
Brackish-water shells — 84. 
Brain of archseoceti — 52, 87. 
Branches wanting on fossil trees — 64-65. 
British jMuseum collections — 59. 
Brown coal — 53. 

Brown, Sir Hanbury— 11, 13, 80, 83, 87. 
Bryozoa — 36, 52. 
Buhalis—'^O. 
Bugti beds (Sind)— 70. 
Bullen Newton, R.— 76. 



Cairo— 9, 16, 28, 49, 56, 64, 65. 

Calcareous beds in lake — 12. 

Calcareous grits — 33, 53, 56-63. 

Calcareous sandstone— 25, 42-43, 45, 50-51, 59, 72. 

Calcite— 51, 58-59, 61-62. 

CuU'uinu.'isa — 36, 58. 

Cidypfntd trochijorinis — 43. 

Canals— 11-12, 18-19, 29, 73. 

Canals, Mud brought to lake by — 14. 

ijanis — 80. 

(.'ape Rayan — 21, 36. 

Carbonaceous clays — 46. 

Carbonaceous matter — 42, 51. 

Ca/YZ/^a- 38-39, 47. 

Cardit'i acuticostata — 90. 

Cardita aff. carinata — 52. 

Cnrdifii aff. di'pieti.'iii — 52. 

Cardita ngyjjt iara — 46 . 

Cardita jidelis — 90. 

Cardita fajumen.fi s — 35, 46, 50-52, 90. 

Cardita cf. ij>xtrilis and drprrssa — 52. 

Cardita mohittamemii^ — 9(.). 

Cardita Mosis— '.)(}. 

Cardita afi'. triparticostuta — 52. 

Cardita Viquesnidi—:V>, 4.0-46, 90. 

(Jai-diinn — 59. 

CardiKrn desertorinn — 90. 

Cardiiim Schu-einfiirtlu—A'), 4;M4, 50-51, 90. 

C'aro/M— 36-39, 48, 50, 52. 



Carolia Beds— 33, 48-53, 74 (rolled blocks). 
Carolia placunoides — 35-36, 38-39, 45-49, 51-52, 

73, 89. 
Cassidaria — 5 1 . 
Cassidaria nilotica — 51. 
Cassidaria aff. nodosa — 51. 
Oasts of crocodilian skull air passages — 52. 
Casts of shells— 39, 44, 51, 59, 63. 
Cavernous limestone — 37. 
Celestine — 48. 

Cellular weathering of sandstone — 46. 
Central African character of Fayum shells — 60. 
Central Area of Fayum — 24-25. 
Centres of independent evolution — 69. 
Cerithium—39, 46-47, 53, 57-58. ■ 
Cerithium crispum — 58. 
Cerithium fodicatum — 37. 
Cerithium perditum — 58. 
Cerithium tiarella — 58. 
Cetacea— 9, 43-44, 47, 49, 87. 
Chalcedony — 61. 
Chalky limestones — 40. 
Charcoal, Natural — 51, 53. 
Chelonians— 34, 44, 54, 62. 
Chert, Tabular— 61-62. 
(Jherty limestones — 57, 59, 61. 
Chicoreus anguliferus — 76. 
Claudius Ptolemy — 83. 
Clavellithes longcevus — 35, 45-46. 
Clays— 12, 15, 18, 20, 22-25, 28-30, 33-53, 55-59, 

' 61-62, 74-76, 80, 82. 
(.'lavs. Variegated — 62. 
Clayey marls — 37, 53, 62. 
(Jlayey sands— 29, 36-37, 42, 58. 
(Jlayey sandstones — 36, 50, 57, 62. 
(jlayey shales — 77. 
Cleopatra pirothi — 81. 
Cleopatra pirothi var. unicarinata — 81. 
Cleopatra huUmoides — 81, 84. 
Clifes— 12, 14-15, 20-24, 27, 32, 36, 40-41, 45-46, 

48-50, 53, 56, 7.3-74, 84-85. 
('liniate. Variations in Egyptian — 81. 
( 'oal. Thin seam of — 53. 
Coast-line of old continent — 54. 
( 'ulossi at Biahmu — 84. 
Concretions— 35-36, 38-40, 42-46, 50, 72. 
Concretionary sands — 58. 
( Concretionary sandstones — 35, 46, 49, 51, 55-56. 

62. 
Concretionary weathering — 42, 46. 
Conglomerate — 25, 74-76, 78. 
(Jonical hill near Wadi Muela — 36. 
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Coniferous fossil trees — 63. 
Constancy of beds over wide areas— 33. 
Continental land in Oligocene times — 64. 
Continuance of Oligocene continental condi- 
tions — 54. 
Cope Whitehouse — 16-17. 
Coprolites— 50-51, 62. 
Corals— 36-37, 44, 46, 51, 53. 
Corbicula Blanckenhorni — 90. 
Corhmda fluminalisj var. consobrina — 81, 84. 
Corhiihi — 40. 

Corbula aff. pixidicula — 35, 39, 43. 
Cossmann, M. — 45, 58, 87, 
Cossmannella cegyptiaca — 50. 
Cranial casts in limestone — 52. 
Crassatella fajumensis — 90. 
Crassatella Junkeri — 90. 
Crassatella puellula — 90. 
Crassatella trigonata — 90. 
Crassatellithes — 50. 
Creodonts — 70. 

Crocodiles— 9, 34, 51-55, 59, 62, 80. 
Crocodilus — 59, 70. 
Crystals of quartz, calcite &c. — 61. 
Cucullcea aff. crassatina — 52. 
Cucullcea dimehensis — 89. 
Cultivated lands— 9, 11-14, 39-42, 73, 83-84. 
Currents in Birket el Qurun — 14. 
Currents in ancient river — 52, 54, 65-66, 71-78, 80. 
Current-bedded clays, sands, &c. — 51, 56. 
Cuvier — 69. 
Cyprina cegyptiaca — 90. 
Cyrena Blanckenhorni — 90. 
Cytherea — 46. 
Cyfherea Newboldi — 43. 



Dakhla Oasis— 29. 

Dam at El Lahun— 84. 

Dames— 9, 4;M4, 49, 87. 

Damp climate formerly in Egypt — 81. 

Dashur, Pyramids of — 28. 

Dasypodidae — 69. 

Defile of Wadi Mu61a— 9, 21. 

Delta, Ancient — 54, 66-67. 

Dentalium — 46. 

Denudation, Effects of— 39, 73, 75, 77, 84. 

Deposition of sediments in Eocene times — 54. 

Depression, Origin of Fayum — 15, 29, 33, 79. 

Depression cut out in sedimentary rocks — 33. 



Depression, Fayum— 9, 11-16, 20, 24, 26-30, 33-36, 
39, 53, 61, 64, 67, 71, 75, 77-81, 84-85, 87-88. 

Depression, Mogara — 71. 

Depression, Wadi Rayan &c. — 17-19, 21-24. 

Depressions of Libyan Desert — 16, 29, 67. 

Depth of Birket et Qurun — 13. 

Der el Beda — 64. 

Der el Galamun — 21, 36. 

Desert conditions — 73, 79. 

Desert region— 11, 14, 16, 26-28. 

Deshasleh — 17. 

Dictyopleurus Haimi — 52. 

Diluvial deposits — 81. 

Dime- 13, 31, 45, 50, 72. 

Dinotheres — 69. 

Diodorus Siculus — 13, 82. 

Dionysias — 83-84. 

Dip, Importance and nature of — 15, 33, 48-49, 55, 
57, 64. 

Diplodonta corpusculum — 90. 

Diplodonta cycloidea — 90. 

Diplodonta inflata — 90. 

Dip-slopes of central area &c., of Fayum — 24, 25, 
27, 50. 

Disconnection of Nile A'alley and Fayum — 80. 

Dormice — 69. 

Downthrow of faults — 32, 50. 

Drainage basins — 11, 13, 23, 25. 

Drains — 12. 

Dreikanter — 56. 

Druses of calcite — 62. 

Dugongs — 53. 

Dunes— 17, 21-23, 26-27, 84-85. 

Dunes, Slope of — 26. 

Dunes, Straight-lined character of — 2G, 85. 



Earth-pillars — 46. 
Earthy limestone — 46. 
Bchinids— 36-37, 39. 
Echinolampas Crameri — 35, 50. 
Edentata— 69. 
Edwa— 82-83. 
Egyptian irrigation — 88. 
Elephants, Early— 68. 
Eleplias—m. 
El-Gayat, village— 20. 
Elliot Smith, Dr.— 52, 87. 
Elwat Hialla— 28, 55-56, 75-76. 
Emigration of African animals — ^68. 
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Eocene sea, Extension of — 66. 

Eosiren — 10,52. 

Eosiren libyea — 35, 51, 70. 

Eremopezus Uhycus — 34, 70. 

Erosion by Nile— 79, 80. 

Erosion, Superficial — 85. 

Escarpments— 15, 21, 26-28, 31-32, 45. 49. 5:^. 5(;- 
58, 60-61, 75-77. 

Escarpments determined by fractures — 32. 

Eschara ] hi rail — 37. 

Estuarine conditions of upper beds — .53, 55. 

Ethiopian faunal region — 68-69. 

Ethiopian region centre of independent evolu- 
tion— 69-70. 

Euhemeria — 84. 

Euspatangus Slanckenhorni — 36. 

Euspaf.angus cairensis — 52. 

Eiispafaiifjijs for-mosus — 36. 

Evaporation of late Pliocene lakt — lX-19. 

Even-toed ruminants — 68. 

E.riu/i/rii Friiii.'ii — 3.5, .50-.52. 



Facefred quartz pebbles — 56. 

False-}iedding— 50-51. 5.5-57, 62, 73. 

Farafra Oasis — 29. 

Faulting and folding— 16, 29-32, 49-50. 

Fault near Qasr el Sagha — 32. 

Fault, Nile Valley— 15. 

Fayum beds shallower water than those of Mo- 

kattam — 41. 
B^ayum. Causes of origin of — 15. 29, .^3. 
Ferruginous band> — 51-52, 58. 
Ferruginous clays — 51. 
Ferruginous grits — 27, 5S, t']2, ('i('i-(i7. 
Ferruginous sand — 54. 
Ferruginous sandstone — 46, TiO, 52, 57. 
Feshn— 11. 
Fibrous gypsum — 52. 
Firiihi tricartnafa — 4.3. 
Filhol, M.— 69. 
Fiord, Nile Valley— 78-79. 
Fish remains— 9, IVk ;i9-4(), 12-14. 4e;-47, 50-52, 

59, 70, 77, 70. 
Fish-scales— ;59-40. 42. 14, 77. 
Fish-spiups— 39, 50. 
Fish-teeth— 39, 43, 5(.). 
Fish-vertebrae — 50. 
Flat-topped hills— 20. 
Flinders, Petrie— 13, 87. 
Flint iiii]ilemcnts— 61, ,S2. 



Flint pebbles— 20, 50, 56, 62-63, 73, 75-76. 
Flint, Tabular— 61-62. 
Floods— 26, 54, 67, 82. 
Flood protection — 88. 
Flood-readings — 80. 
Floor of depression — 39. 
Fluviatile conditions of deposition — 58. 
Fluviatile sands, etc. — 60, 66-67. 
Pluviomarine conditions of deposition — 33. 
Fluviomarine Series— 9, 27, 34, 53-65, 74-76. 
Flying rodents — 68-69. 
Fold near Qasr el Sagha — 32,49. 
Foraminiferal beds— 33, 35-39, 41-42, 45-48, 74. 
Formation of Fay^m lake— 26, 78-80, 82-84. 
Fractures determining escarpments — 32. 
Freshness of Birket el Qurun — 14, 24. 
Freshwater conditions of deposition — 58. 
Freshwater lake before Mceris — 79-80. 
Freshwater lakes of Nile Valley — 79. 
Freshwater shells— 18, 44, 47, 60, 80-81, 88. 
Freshwater shells absent in Wadi Rayan — 23. 
Fvsh.«—:M, 48. 
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Gar el Uehannem— 9, 23, 25, 27, 32, 36-39, 41, 

46-47, 50, 52, 61, 67, 73, 80, 85. 
G-ar el Hamra — 27, 67. 
Garat el Esh— 32, 61, 76, 85. 
Garat el Faras- 28, 50, 75. 
Garat el Gindi— 28, 75. 
Garstin, Sir W.— 18, 87. 
Gasteropods — 36, 58. 
Geniohi/us — 10. 

Geniohi/iis fat/umensi.'< — 34, 70. 
(Teniolii/iis major — .'54, 70. 
IjretiiulniKs iinnis — 34, 70. 
Geodes — 61. 

Geological Succession in Wadi Hayaii — 22. 
Geological Magazine — 10, 87. 
Geology of Fayum — 33, 90. 
Geziret el Qorn— 31, 40, 43-45, 63. 
Gharaq, Bahr el — 11, 17. 
Gharaq Basin— 11, 13, 19-20, 2;i-26, 31. 36, Hf.. 
Gharaq, Wadi — 17. 
Ghardag bushes — 22. 
Ghart el Khanashat— 26-27, H5. 
Gif/aiiliiplii.f — 10. 
Gigantophis (r(ir.<it.rni — 35, 51, 70. 
Giraffes— 69. 
Gisortia. — 37. 
Gisortia gignntea — 51. 
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Giza, Pyramids of — 28, 63. 

Glacial period— 69, 81. 

Glauconitic clays— 36, 39, 50. 

Glauconitic marl — 39. 

Glauconitic sands — 37. 

Globular concretions — 35, 42-46, 72. 

Glycimeris pulvinatus — 52. 

Goat remains — 80. 

Goniastrcea cocchii — 43. 

Goniarcea elegans — 51. 

Goniopora — 51. 

Grass in desert — 27. 

Gravels— 15, 25-27, 32, 34, 4042, 73-78. 

Gravel-capped hills — 75. 

Gravel terraces— 25, 34, 42, 71. 73-80. 

Gravelly gypsum — 77. 

Grenfell, Mr.— 83-84, 87. 

Grits— 27, 33-34, 57-63, 66. 

Grooving due to blown sand — 85. 

Grypheea arabica— 89. 

Gryphcea Edmonst&nei — 89. 

Grypheea histris — 89. 

Gryphosa pharaonum — 89. 

Grypheea Whitehousei — 89. 

Gauges, Nile — 80. 

Gypseous clays— 33, 35, 37-40, 44-46, 51-52. 

Gypseous deposits — 71, 75, 77, 79. 

Gypseous limestone — 50, 52. 

Gypseous marls — 37-39. 

Gypseous plain — 20-21. 

Gypseous sands — 39. 

Gypseous shale — 42, 48. 

Gypsum— 18, 20, 36-37, 39, 42, 50-52, 61-62, 77-79. 

Gypsum of Paris, Animals in — 69. 
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Hade of fault— 32. 
Haram el Bahrl, El— 36. 
Harpoons, Flint — 61. 
Hawara— 11, 13, 26, 87. 
Headon Hill beds— 58. 
Height of Pliocene terraces — 76. 
Heliastrosa acervularia — 43. 
Heliastroea Ellisi — 43. 
Heliastreea flatter si — 43. 
Heluan — 16. 
Herodotus— 13, 82, 84. 
High-level lake — 83. 
Hippopotamus — 69, 80. 
Historic epoch — 81-85 



Horns of Birket el Qurun due to siliceous bands- 

41. 
Hunt, Mr.— 83-84, 87. 
Huxley, Prof.— 68. 
Hydractinia — 38. 
Jlydractinia cornuta — 35. 
Hydrobia stagnalis — 84. 
Hyracoidea — G'd. 
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Ice periods — 69, 81. 

Immigration of animals into Africa — 68. 

Implements, Flint — 61. 

India, Fauna of — 69. 

Indo-Malayan faunal region — 69. 

Invasion of Africa by European animals — 69. 

Invasion of Europe by African animals — 69. 

Ironstone — 50, 58-59. 

Irrigation works. Result of — 12, 88. 

Isocardia cyprinoides—i^. 



Jerboas — 69. 
Joint-planes — 36. 
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Kaf r el Ayat- 

Karanis — 84. 

Kayser — 87. 

Kenisa, El— 72. 

Kharga Oasis — 29. 

Knobs along line of fault — 32. 

Kom Ombo— 81. 

Korif, Wadi— 21. 



Lacustrine deposits — 12-13, 34. 40, 44, 47, 49. 

66-67, 79-80, 82. 
Lahun— 11, 26, 39, 84. 
Lahun Pyramid— 28, 42. 
Lake deposits — 67, 79. 
Lake in Fayum— 11-14, 78-80. 
Lake Moeris- 12-13, 18-19, 23-24. 43, 49, 79-80, 

82-84, 87-88. 
Lake, Nile Valley— 78-79. 
Lake of the Horns — 12. 
Lamellibranchs— 42, 58-59, 89. 
Lamination of arenaceous deposits — 66. 
Land-animal remains — 52-54. 
Land-areas, Ancient — 65-67,' 71. 
Lanisfes — 53, 58, 81. 
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Lanistes antiquus — 51. 

Lanistes hartonianus — 34, 60. 

Lanistes carinatus — 60. 

Lava Flows— 15, 33-34, 53, 56-58, 61-62, 75. 

Leakage through ridge of Wadi Rayan — 23. . 

ieia— 35, 39. 

Lenticular sand-beds — 55. 

Leptodon — 69. 

Levels made from Rayan to Nile Valley — 17. 

Libyan Desert, Area, etc., of — 15, 88. 

Liernur Bey— 17-18, 87. 

Liernur, Wadi — 17, 19. 

Lignite — 51, 53. 

Ligurian beds — 43, 64, 88. 

Limb-bones of vertebrates — 52. 

Limestones— 12, 15-16, 20-25, 29, 33-42, 45-53, 

56-57, 59-62, 65-66. 73-77. 
Limncea mceris — 81. 
Limncea natalensis — 81. 
Limmea pdlustris — 81. 
Linant de Bellefonds— 16, 83, 88. 
Linthia — 52. 
Little Rayan — 22. 
Littoral deposits — 66. 
Loam — 39. 

Lobocarciuus Paulino- Wurtemhergini^ — 36. 
Lower Headon Hill beds — 58. 
Lower Oligocene — 53-70. 
Lucas, A.— 9, 14, 22, 54, 88. 
iwrma— 36, 39, 45-46, 48, 53, 58. 
Lvcina calliste — 90. 
Lvrina consohrina — 37. 
Lucina Defrancei — 37. 
Lucina fajumensis — 90. 
Lucina fortisiana — 51. 
Lucina gibhosula — 90. 
Lucina glohulosa — 37. 
Lucina pharaonis — 35, 43, 45, 51, 90. 
Lucina polythele — 90. 
Lucina ponnnn — 43. 
Lucina Rai — 90. 
Lucina sinuosa — 90. 
Lucina cf. tabulata — 43. 
Lulu, Wadi— 17. 
Lydekker, R.— 70. 
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Macrosolen Hollowaysi — 35, 46, 51. 

Afict7'a compressa — 43. 

Madagascar and Africa, Connection of-^68. 

Mammalia, Fossil— 34-35, 55, 62, 38-70, 80, 87. 



Mammillary weathering^57. 
Mandibles of vertebrates-^52. 
Marls— 18, 29-30, 33-35, 37, 39-42, 49-50, 53, 5$, 

61-62, 73-74, 76. 
Marls in lake— 12. 
Marls, Saliferous— 19. 
Marly clays— 29-30, 57, 62. 
Marly gypsum — 77. 

Marly limestones— 33, 35, 37-39, 47-48, 62, 77.. 
Marsh land— 26, 40, 82. 
Martens, Prof, von.— 60, 81, 88. 
Masaigega, Wadi — 19. 
Masaret-Abusia — 40 . 
Mastodons— 68-69. 

Mayer-Eymar, K.— 37, 43, 49, 5.3, 64, 88, 
Mazana— 17, 19. 

Medinet el Fayum— 29-30, 41, 82-H3. 
Mediterranean fauna — 81. 
Medum— 40, 77 (pyramid). 
Megalohyrax — 10. 
Megaloliyraw eoccBnus — 34, 59, 70. 
Megalohyrax minor — 34, 70. 
Melania— 53, 57-60. 
Melania muricata — 60. 
Melania cf . JVysti — 60, 64. 
Melania tuherculata — 81, 84. 
Melanopsis — 81. 
Melanopsis fauna — 81. 
Melongena nilotica, var, hicarinn.ta — -51. 
Menesi Ali, Ezba — 17. 
Meretri.r nitidiila — 51. 
Meretrix parisiensis — .51. 
Mesalia — 51. 
Mesalia fasciata — ,35, 51. 
Mt'xidid o.cj/rrejiis — 51. 
Middle Eocene— 9-10, 15, ,32-.33, .3.5-53, 54-55, 57- 

58, 60, 62, 64, 66-67, 70, 80. 
Migrations of mammalia — 69-70. 
Miocene beds suir^rcsted — 64. 
Miocene, Lower— .34, 54, 70. 
Miocene, Lower, of Orient European in tyjje — 70. 
Miocene strata, AlisiMice of — 34, 71. 
Mifra—36. 

M(rri(>phis Schicei/i/iirfhi — ,50, 70. 
Mceris (see Lake Mieris). 
Mifrifhenum — 10, 52, 59, (i.S, 70. 
Maritherium gracilis — 35, .51, 70. 
jMirritlwrium Li/onsi — 34, 35, 51, 59, 70. 
Md'iitherium trigixhni — 34-70. 
Mogara— 34, 54, 71, 85. 
Mokattam beds. Lower— 35, .89-giO. 
Mokattam beds. Upper— 33, 41, 49, 89-90. 
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Mokattam beds deeper water than Fayum beds — 

41. 
Mokattam, Jebel— 39, 41, 49. 
Monastery in Wadi MuMa— 21. 
Moncrieff, Sir C. S.— 16-17, 87. 
Monkeys— 69. 
Monoclinal f ol d— 16 . 
Monograph of Fayum vertebrates — 10. 
Monotony of desert — 26. 
Mu§la, Wadi— 9, 14, 16-17, 21-21, 35-37, 88-89. 
Mutela—5B, 60. 
Mytilvs ajfinus — 51. 
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Natica — 46. 

Natica crassatina — 64. 

Natrun, Wadi— 26, 27. 54, 85. 

Nautilus — 36, 46, 48. 

Nawamis — 40. 

Necrodasypus — 69. 

Neolithic implements — 82, 87. 

Neritina nilotica — 81, 84, 

Nezleh Canal— 19. 

Nicolia — 63.' 

Nile deposit absent in W^adi Rayan — 23. 

Nile mud— 80-82. 

Nile Valley, Connection with — 11, 13, 17-18, 

79-82. 
Nile Valley, History of— 79, 87. 
Nile waters enter depression — 26, 79-80, 82. 
Nilometer — 80. 
Nodular bands — 44, 47. 
Nodular limestones — 48. 
Nodules, Calcareous — 39, 61. 
Nonionina — 46. 

Northern Desert Kegion — 9, 26-28, 87. 
Nucula Maridis — 89. 
Nu/yularia — 35, 39. 
Nummulites— 33, 36, 39, 41, 46-48. 
Nummulites Beaumonti — 35, 41. 
Nummulites curvispira — 35-37. 
Nummulites, Fraasi — 35, 41-42. 
Nummulites gizehensis — 33, 35-37, 39, 41, 48. 
Nummulites gizehensis limestones — 33, 35-37, 39, 

41, 48. 
Nummulites Schweinfurthi — 41. 
Nummulites suh-Beaumonti — 41. 
Nummulitic limestones— 36-39, 65. 



Oases depressions — 67. 

Oases, Origin of — 29. 

Oasis, Parva — 83. 

Oldest beds in Faytim — 33. 

Oligocene beds— 34, 53, 70. 

Oligocene of Orient European in type — 70. 

Oliva — 46. 

Operculina — 33, 46, 74. 

Operculina discoidea — 35, 41-42, 47, 74. 

Operculina-Nummulite Beds — 35, 41-48, 74. 

Oppenheim, Dr. P.— 43, 50, 88-89. 

Oriental faunal region — 69. 

Origin of Fayum, Causes of — 15. 

Original floor of depression — 39. 

Osborn, Prof. H. F.— 68, 70. 

Ostrea— 36-39, 42, 44-46, 48-.50, 52. 

Ostrea Bellardi — 89. 

Ostrea Caillaudi — 89. 

Ostrea Clot-Beyi— 38, 46, 89. 

Ostrea cucullata—il, 71, 77. 

Ostrea digitalina — 43. 

Ostrea Edmonstonei — 89. 

Ostrea elegans — 35, 51, 89. 

Ostrea jlabellula — 5 1 . 

Ostrea Fraasi— 3^39, 47, 89. 

Ostrea gigantea—i3. 

Ostrea gigantica — 89. 

Ostrea Gumbeli — 37. 

Ostrea Hessi — 89. 

Ostrea aff. heteroclyta — 5 1 . 

Ostrea histris — 89. 

Ostrea longirostris — 43. 

Ostrea Mehemeti — 89. 

Ostrea paucicostata — 89. 

Ostrea plicata — 43, 89. 

Ostrea producta—^3. 

Ostrea qeruniana — 89. 

Ostrea ram.osa — 89. 

Ostrea Reili—35, 39, 45-47, rA--,2, 89. 

Osti-ea Schweinfurthi — 89. 

Ostrea semipectinata — 89. 

Ostrea Sickenhergeri — 89. 

Ostrea Stanleyi — 89. 

Ostrea Whitehousei — 89. 

Oudardia ovalis — 39. 

Outlets, Subterranean, to lake — 14, 24. 

Outliers— 21, 28. 

Output of water from springs — 22. 

Oysters— 36, 39, 42, 48. 
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Oyster-beds— 86, 50. 
Oystor-limestone — 52. 



Palaeogene freshwater shells — 60. 

Paloeogene vertebrate fauna — 87. 

Paloeontographica — 43, 63, 88. 

Pdhj'o mastodon — 10, 59, 68. 

PaJn^iDiuiatodoii BeadnMi — 34, 59, 70. 

PaltPO mastodon minoi — 34. 70. 

Palms— 21-22. 

Paludina — 81. 

Pangolins — 69. 

Paper-shales — 36, 5 1 . 

Paris basin — 58. 

Parisian beds — 18, 3.0-53. 

Pass from Muela to Ha van — 21. 

Pebble depasits— 18, 3o'. 39-40, 56, 58, 76. 78. 

Perf.<^n—^'X 42, 46-47. 

Ppcteii henedictus — 71. 

Pecten Caillaudi — 89. 

PectPii. corneus — 37. 

Pecteii moelehensis — 37. 52. 59. 

Pert en solarlolum — 52. 

Pectunculus — 46. 

Pectiittnihis iu.rtadriifiifus — 90. 

Pectunculus cegyptiacus — 51, 90. 

Pectunndus pseudopulvinatus — 

Pectnncidui> piil nndliif — 52. 

Pelomedusa progaleata — 70. 

Pelvis of Arsinoitherium — 54. 

Perforate weathering of sandstone — 46. 

Permeability of Wadi Rayaii — 24. 

Perrenial irrigation in Egypt — 88. 

Pharaonic province — 84. 

Philotera— 84. 

Phiomia — 10. 

Phiomia serrideri.s — 34. 59. ?(•. 

Pinna— S9, 47. 

Plains— 50, 52, 54, 77. 

Plain of subaerial denudation — 39. 

Planorbis Khvenher<ii — 84. 

Planorbis marginatus var. aidiaiifiidatd, — 84. 

Plonorhis suhawjulata- — 81. 

Plant-remains — 42, 5(J-51. 53, 57. 

Plateau bounding Fayum to north — 26. 

Plateaux— 15, 21, 25, 27-28. 32, 62. 

Pleistocene Beds— 30, 34, 47, 50. 54. 71. 79-81, 84. 

Pleurotoma — 37, 43, 46. 5.3. 58. 

Pleurotoma ingens — 34', 58. 

PUcatula Bdlardi— 50-51. W. 



Plit:alijla indigena — 89. 

Plicafidii polymorpha — 35, 45-46, 51. 

Plicuttila pt/ramidarnm — 89. 

Plicdtiila Sch'itwrnjiirtlii — 89. 

Pliny— 82. 

Pliocene Beds— 30, 34, 41-42, 54, 69, 71-78. 

Pliocene sea, Invasion of — 4.3, 71, 78. 

Pliohyrax — 69. 

Podoi->iemis aniiqiKi—'.yi, 70. 

Podocnemis JBlanckenhorni — 70. 

Fodociieiiiis Blanckenhomi var. ovata — 70. 

Podocnemis fajuinensis — 70. 

Podocnemis Stroiueri^'65. 70. 

Podocneinis Stromeri var. major — 70. 

Pools formed by rainfall — 25. 

Pools ])r()duced by springs — 20, 22. 

Pofnmides — 53. 

Poiainiiles sialarmdes — 34, 5.S. 64. 

Potami.des tiarella — 64. 

Potamides tristriatus — 34. 

Prehistoric epoch — 81-82. 

Prehistoric lake— 23, 79-82. 

Preservation of fossil remains— 55. 

Proboscidea — 68-69. 

Promontories of Birket el Qurun, Origin of — 41. 

Propristis Schweinfurthi — 35, 51, 70. 

Psephophonis eocwnus — 35, 70. 

Pseudodon — 58, 60. 

Pterodon — 10. 

Pteriidon nfiicanus — 34, 59, 70. 

Pterodoti inacrogiiiithiis — 34. 70. 

Pteiospjheiius — 10. 

Pterospheiiiis Schioemfnrtlij — 35. 50-51, 70. 

Ptolemaic lake — 84. .•/ 

Ptolemaic period — 82. -i ' ■:. , • , ' 

Ptolemy Philadelphus — 84. :_.'.,{. ' 

Ptolemy the second — 84. 
Puddingstone of ancient rivei> — 26, 67. 
Pyramid-like building — 74. 
Pyramid pebbles — 56. 



(,^ilamsha, Ezba— 28, 25-26, 41-42, 77. 

Qasr el Ban at — 84. 

Qasr el Qurun^-84. 

<^asi- el Sagha— 9, 31-32, 43, 49, 52, 56-58, 60-61. 

(^asr el Sagha Series— 27, 32-38, 35, 38, 41. 44-57. 

64-66,75,77. ..,V,> 

Qatrani, debel El— 28, 55, 61, 75. 
Qatrani beds — 34, 53-70. 
Qerunia — 38. 
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Qerunia cornuta — 35, 45-46, 48,. 51-52. 
Quartz pebbles— 20, 50, 56, 62-63, 73, 75. 
Quartz sand — 55. 
Quartzite— 62, 73-75. 



Radiation oE Mammalia from AtVio.T— 69. 

Railway, to Fayum — iO. 

Raised beaches — 34, 41. 

Ratite bird— 87. 

Ravine Beds— 23, 25, 29-30, 35, 37-42, 46, 77. 

Ravines— 12, 19, 29, 37, 39-40. 

Rayan, Jebel— 36-37. 

Rayan, Geology of Wadi — 22-23. 

Rayan, Little — 22. 

Rayan Series— 24, 25, 30, 33, 35-39, 41 . 

Rayan, Wadi— 9, 11, 14-24, 27-28, 31, «5. 87-89. 

Rays— 70. 

Recent Beds— 34, 81-85. 

Reclamation of Fayum lake — 82-84. 

Reconnection of Nile Valley and Fayum — 80. 

Reeds— 20. 

Regulator of floods, Fayum ;is — S2. 

Reinach, Von— 59, 88. 

Reptiles, Fossil— 70. 

Reservoir at Assuan — 88. 

Reservoir proposed in Wadi Rayan — 16-19. 

Ketreat of Eocene sea — 54, 55, 66. 

Rhinoceros hicornis-^69. 

Ridge separating Nile Valley and Kayum — 2.5-26. 

' 71, 73-74, 79-80. 
Ridge separating Rayan and (Thaiii(| — 2K. 
Rimella rimosa — 35, 51.- 
Ripple-marked sandstone — 51. 
Rise of Nile bed— 80. 
River, Ancient— 27, 52-55, 66-67. 79. 
River-currents — 65, 71, 78. 
River-sand— 55. 
Roads in desert — 27. 
Rocks forming Libyan Desert— 15. 
Roda— 13, 75, 80. 
Rodents, Flying— 68-69. 
Rohlfs' Expedition— 9-63. 
Rolled fossils— 73. 
Rostellaria — 37 . - 
Round-topped hill-ranges — 75. 
Rubiat— 39-42. 
Ruins— 20-22, 48-50, 52. 
Ruminants, Even-toed — 6^69. 
Rushes— 20. 



Saghatherium — 10. 

Saghatherium antiquum — 34, 59, 70. 

Saghatherium magnum — 34, 70. 

Saghatherium minus — 34, 59, 70. 

Salines— 20. 

Salinity of lake — 14. 

Salinity of water in Wadi Rayan — 24. 

Salt— 18, 36, 77, 79. 

Salt in Wadis Rayan & Muela— 19, 20, 88. 

Samos, Island of — 69. 

Sands— 15, 18, 21, 29. 33-34, 40, 42, 47, 50, 53, 

55-59, 61-62, 71, 74-76. 80. 
Sand accumulations. Wind-blown — 12,20-21.32, 

34, 73, 84-85. 
Sand, &c.,deposited in Birket d Qurun — 1 3,80, 84. 
Sandberger Hills — 62. 
Sandblast action — 73. 
Sand-rock— 44, 50-51, 56-60, \V2„ 74. 
Sands, Variegated — 34, ,53, 57, 59. 
Sandstones— 15, 28, 32-36, .38-39, 42-63, 72, 74-77. 
Sandstone, Concretionary — 35, 38. 
Sandstone-grit — 56, 58. 62-(i.^), 
Sandstones, Mottled — 62. 
Sandstones, Variegated — 76. 
Sandy clays— 12, 18, ;'.6-37. 42, 44, 46, .50-.52. 56- 

.59, 62. 
Sandy conglomerate — 18. 
Sandy limestones— 25, 3.5-36, ;i8-;^9, 42, 49-52. 
Sandy marl— 37, 42, 62. 
Sandy shale — 42. 
Saqara, Pyramid of — 2S. 
Saws, Flint— 61. 
Scalenohedra of (^alcitn — .51. 
Schizaster — 36 . 
Schizaster aff. nfricanus — 52. 
Schweinfurth, Dr.— 9, 14, 19, 24, 34-37, 43-44, 

49, 64, 71-72, 77-80,88. 
Schweinfurth's Temple — 49. 
Scoring due to blown sand — 85. 
Scott Moncrieff, Sir ( :.— 88. 
Sculpturing of sandstone — 85. 
Scutella beds — 64. 
Second Cataract — 81. 
Sections, Geological— 36-42, 44-47, ,50-52, 56. 58- 

62. 
Sediment deposited in Fayiim — 26, .54. 
Sela— 9, 26, 39-40. 73. 

Septaria — 4(). ■ > 

Serpula — 46. 
Sersena — 25. 42, 7'). . ■ 
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Shules— 36, 42, 48. 

Sha]\ CHays— 44, 47, 62. 77. 

Shaly marl— 39-41, 44. 

Sharks— 39. 

Sharks' teeth— 46, 51. 

Sheep remains — 80. 

Shell-borings — 72. 

Shell-impressions— 39-40, 42, 44, :>(). 

Shelly limestone— 38-39, 46, 51-52. 

Shelly sands — 36. 

Shelly sandstone — 46, 51. 

Sherwin, R. S.— 78. 

Shore-line, Ancient — 77. 

Shore-line, Movements of — 65. 

Shrinkage of Birket el Qiirun — 13. 

Sidmant el Jeli^l- ] 7. .il, 71, 77. 

Siliceous bands. Horns of Birket el Qurun 

to— 41. 
Siliceous beds capping hills — 61. 
Siliceous limestone — 37, 41. 
Silicified grits— 27, 62, 67. 
Silicified sandstones — .52, r>7. 
Silicified trees— 27. 34. HI. 53. S.V.W, 61. 6.3, 

73-75. 
Silicified trees. Size of — 5.3. 63. 
Silsila— 81. 

Siluroid fish— 35. 51. 70. ,s(). 
Sirenia — 51. 
Sites, Excavated — .s4. 
Skeleton-carrj-ing currents — !'>■'. 
Soil, Character of— 11-12. SS. 
Soil survey — 9. 
Solariicm — 51. 

Solarium aff. histriatuia — 51. 
South Africa as centre of cv()lution^)9. 
South America. Migrations to — (i9. 
■Sjjatha-~:)?j. 58. 60, .SI. 
Spatlui dahomei/f'iitii/! — (i( I. 
Spatha JJrouefi — 60. 
Spondyhis iri/i/ptiaciis^i'>2. S'J. 
Spondylux perlton-idiis — X9. 
Spondylus Hudiilfi — <S',l. 
Sjirings in Wadi Muela — 20. 
Springs of Wadi Rayan — 22. 
Stem-weathering in sandstone — 56. 
Step-faults— 31. 

Stereogenys (Jromeri — 35. 51, 70. 
Stereoyenys libyca — 70. 
Stereogenys podocneniioideK — 35. 70. 
Stock-work — 50. 
Stone Age, Neolithic — .S2. 
Strabo— i;'., %2. 
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Strata, Classification of — 34. 

Strike faults— 32. 

Stromer von Reichenbach, E.— 44, 59, 69, 88. 

Strontium sulphate pseudomorphs — 48. 

Subaerial denudation — 39. 

Sub-fossil fauna of Fayum — 81. 

Successive faunal invasions. Theory of — 68. 

Sulphate of lime — 78. 

Sulphate of strontium pseudomorphs — 48. 

Survey collections — 59. 

Surveying operations — 9. 

Surveying by Colonel Western — 17. 



Table-land of cultivated area — 11. 

Tafla beds— 39. 

Tamarisk growth— 22, 25, 72, 82. 

Tamia— 12-13, 15, 25, 27-28, 31, 40, 42, 49-50, 

55-56, 72, 75. 
Tamia lake — 40. 
Tectonics— 16, 29-32. 
Tellina—iO, 42, 51. 
Tellina pelliicida—i3. 
Tellina scalaroides — 35. 
Tellina tenuistriata — 35, 39. 
Temperature changes in desert — 73. 
Temperature effects on pebbles — 56. 
Temperature of springs in Wadi Rayan — 22. 
Temple of Qasr el Sagha — 49, 56. 
Terehelliim sopitum — .36. 
Teredo— :i9, 47. 

Testudo Amnion — 10, 34, 59, 70. 
Thallassochelys lihyca — 35. 70. 
Theadelphia— 84. 
Thickness of beds in section— 37-29, 42, 4.>46. 

49-52, 56-60, 65. 76-77. 
Thickness of sediments in Fayum — 15. 
Thinning of Fluvio-marine series — 55. 
Tomistoma — 70. 

Toniistoma atncaniim — 35, 51, 59, 70. 
Tongrian beds — 43, 64, 8S. 
Toothed whales — 39. 

Topography and structural geology — 11-28. 
Tortoises, Large— 10, 53-54, 59, 66, 87. 
Tracheloclietaa hituberculatus — 51. 
Tropical shells in Fayum — 60. 
Tuba, El— 40. 
Tudicla aff. umbilicaris — 51. 
Tufaceous gypsum — 77. 
Turbo Parkinsoni — 43. 
TwrWieZ/a- 38-39, 44-53. 
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lurritella angulata — 43, 45, 60, 64, 

Turvitella carinifera—Sh, 38, 43, 51-52. 

TuTf^tella imbricataria — 51-52. 

Turritella Lessepsi — 51. 

Turfitella parisiana — 51. 

Turritella pharaonica — ^34^-35, 45, 51-52, 58. 

Turritella transitoria — 43. 

Turfitella turris—AS. 

Turtles— 53-55, 59, 60. 

Twelfth Dynasty— 26, 82. 

Twigji preserved in clays — 53. 
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Um el Atl— 84. 

Unconformable junctions — 39-40, 73, 76. 

XJpderground outlets of Birket el Qnnm — ^14. 

Upgulate, Horned — 10. 

Ufiio—3i, 53, 58-60. 

Ptiio abyssinicus — 81. 

llnio Bonneaudi — 60. 

Inio Caillaudi — 60. 

Unio Uomsensis — 60. 

Unio lithophagus — 60. 

Unio Nyasscensis — 60. 

Unio Schioeinfurthi — 81. 

Unio teretiusculus — 60. 

Upper Eocene— 10, 32-34, 53-70, 76. 

Upper Mokattam beds — 33. 

Upper Nile basin — 87. 

Ur-Nil— 66. 



Valvata nilotica — 80. 84. 

Vegetation in water-courses — ^25. 

Velates Schmiedeli — .37. 

Venus — 46. 

Venus plicatella — 35. 

Vermetus — 46. 

Vertebrae of Mosritherium—52. 

Vertebrae of Zeuglodon — 45, 47, 50. 

Vertebrate fauna. Discovery of — 9. 



Vertebrates, Extinct— 10, 34-35 43, i!', 51-52, .55 

61, 63, 65, 67, 70, 87. 
Valuta — 46. 
Valuta arahica — 35. 
Vulsella chamiformis — 37, 89. 
Vulsella crispata — 89. 
Vulsella lignaria — 89. 
Vulsella moSlehensis — 89. 

W 

Wadi, Ravine of El— 29-30, 37, 39. 

Wadi Rayan, Mu61a, etc. (see under Rayan, 

Mu^la). 
Wadi Rayan series — 35-37. 
Warshat el Melh— 20. 
Water analyses — 22. 
Water-courses — 25. 
Water-rounded pebbles — 56, 72. 
Water-supply of Fayum — 11, 88. 
Weathering — 57. 
Wells— 21. 

Western, Colonel— 16-18, 22, 87. 
Whales, Frequency of river and shore-frequentr- 

ing — 53. 
Whales, Toothed— 39. 
Whitehouse, Cope — 88. 
White Nile fauna, Absence of — 81. 
Widan el Faras— 28, 55, 58, 60, 62, 75-76. 
Willcocks, Sir William— 13-14, 17-19, 80^8. 
Wind-shadow — 84. 



Xiphodonts — 29. 



Zeuglodon— -d, 39, 44, 49. 52, 87-88. 
Zeuglodon brachyspondylus — 44. 
Zeuglodon Isis—36, 44-45, 47, 70. 
Zeuglodon inacrospondylus—4A. 
Zeuglodon Osiris— 35, 44, 47, 49-51, 70. 
Zeuglodon Zitteli — 44, 70. 
Zeuglodon Valley— 41, 46-49, 61, 63, 85. 
Zittel, Prof. K.— 43, 49, 62, 89. 
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SECTION FROM THE BIRKET EL QURUN THROUGH DIME AND QASR EL SAGHA TO THE SUMMIT OF JEBEL EL QATRAl 



Birket ei Qurun 

(-44- ) 



Dime 
(281 



Mean Sea Level 



Horizontal Scale 1 : 50,000 
Vertical Scale 1 : 12,500 

Recent and 
Pleistocene 



Qasr e! Sagha 

(35) 



Upper limit of clays with pottery, freshwater sheilSjand fish remains indicating 
the maximum level of the ancient Lake Mceris, at 22 to 23 metres above sea leveL 



Summit of Upper Mokattam Escarpment 

( 163) 




1000 500 



kilometres 



Clays with pottery, freshwater 
shells, and fish remains, on 
plain between Qasr el Sagha 
and Dime, and on slope from 
Dime to the Birket el Qurun. 



metres 



Heights in metres approx: above Sea Level 



OLIGOCENE / 



1. Calcareous grit, sands and 

sandstones with silicified wood. 

S. Basalt sheet, with occasional 
tuffs, etc: interbedded and 
contem poraneous . 



Upper Eocene 

(Passing up into Oligocene). 



/ 3. Calcareous grits and limestone bands with Melanm. Potamides, TurrJtella Ac. and clays, 
sands, and sandstones with Unio, Lanistes &c. Occasional vertebrate rennains. 

4. Variegated sands, sandstones and clays with impure limestones and calcareous grits- 

5. Hard blue-grey compact eherty limestone v/ith casts of Melania. 

6. Variegated sands and sandstones with clays, and bands of oaloareous grit and thin limestont 

7. Sands and sandstones with much silicified wood, overlain by clays, marls, calcareous grit a 
thin bands of limestone. Vertebrate remains include Arsinoitherium. Paloeomastodon. Ma 
theriunn, Megalohyrax, Saghathertum, Ancodus, Geniohyus, Phiomia, Pterodon, Eremopexi 
with crocodilia and chelonia. 
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N FROM THE BIRKET EL QLJRUN THROUGH DIME AND QASR EL SAGHA TO THE SUMMIT OF JEBEL EL QATRANI. 



Qasp ei Sagha 

t35) 



p limit of clays with pottery, freshwater sheils^and fish remains indicating 
iBximum level of the ancient Lake Moeris, at 22 to 23 metres above sea leveL 



Widan el Faras 
(318) 



Summit of Escarpment of Jebel el Qatrani 
(340) 



Summit of Upper Mokattam Escarpment 

(163) 




Calcareous grit, sands and 
sandstones with silicified wood. 

Basalt sheet, With occasional 
tuffs, etc '. interbedded and 
contemporaneous. 



.2 O 



Upper Eocene 

(Passing up into Oligocene). 



3. Calcareous grits and limestone bands with Melania, Potamides, Turritella &c. and clays, ^ 
sands, and sandstones with Unio, Lanistes &c. Occasional vertebrate remains. 

4. Variegated sands, sandstones and clays with impure limestones and calcareous grits, 

6. Hard blue-grey compact cherty limestone v/ith casts of Melania. 

6. Variegated sands and sandstones with clays, and bands of calcareous grit and thin limestones. 

7, Sands and sandstones with much silicified v/ood, overlain by clays, marls, calcareous grit and 
thin bands of limestone. Vertebrate remains include Arsinoitherium, Palceomastodon. Mceri- 
therium, Megalohyraxi Saghatherium, Ancodus, Geniohyus, Phiomia, Pterodon, Eremopezus, 

y 

with crocodilia and cheionia. 
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MitJDLE Eocene 



/ 8. Hard yellow limestone capping interbedded sands and clays. 

9. Alternating limestones, marls, clays, sands, and sandstones, frequently fulse-bedded. Verte 
brates mclude Barytherium, Mceritherium, Eosiren, Zeuglodon, Gigantophts, PterosphenuE, 
Psephophorus, Thalassochelys, Podocnemis, Stereogenys. Tomistoma, and Propnstis. 
10. Limestones and calcareous sandstones often weathered into large concretionary blocks, fre- 
quently full of borings ; interbedded sandy clays with Zeuglodon. 
11- Sandstone, greyish limestone, overlying softer sandy clays and sandstones 4c. more or less 
V obscured. 

12. Marls and marly limestones with gypseous clays : remains of Zeuglodon. 



Qasr el Sf 



Ravine Bi 




SECTION FROM WADI RAYAN TO THE SUMMIT OF THE ESCARPMENT NORTH OF GAR EL GEHANNEM. 



Plate XX 



Sea Level 





WADI 


RAYAN 


Ain Rayan 




Jebei Rayan 


(20) 




(160) 



Gar el GeViannem 
(210) 



Summit of Escarpment 
(340) 




Horizontal Scale 1 : 200,000 



Vertical Scale 1:40,000 



4 6 8 10 

metres 



kilometres 



1000 



Heights in metres (approx, ) above Sea Level. 



UPPER EOCENE-OLIGOCENE 



MIDDLE EOCENE 



1. Fluviomarine Series 

2- Qasr el Sagha Series 

3, Birket el Qurun Series with Ravine Beds. 

4. Rayan Series 



Plate XXI. 



SECTION OF THE DESERT RIDGE SEPARATING THE NILE VALLEY AND THE FAYUM. 



w. 



Sea Level 



El Bats 
(drainuge i-nvine) 



El S6ln 
(101 



_!U. 



Depression of tho Ftiyum 



Anoiont Pvmmid 
(130) 



Cultivation of Nilo Viilley 
(S6) 
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Sea Lt't-el 



Horizontal Scale 1 : 100,000 



Vertical Scale 1 : 10,000 



100 200 300 400 



4 S 

metres 



kilometres 



Heights in metres above Sea Level 



PLEISTOCENE-PLIOCENE, 



MIDDLE EOCENE. , 



Alluvijvl lo!in». snnds Ac. 

psuni and ijypsoous deposits 
sop of (jrnvol and oonglomomte. 
4. Limestones, Marls. Ao. (Birket el QurOn Series!. 



{2. Gypsui 
3. Torrao 



MOKATTAM ^ 6 Marty olays, and white marly limostonea. (Ravine Bedsl. 



N.W. 



SECTION FROM SIDMANT EL JEBEL IN THE NILE VALLEY THROUGH MEDINET EL FAYUM TO THE SUMMIT OF JEBEL EL QATRANI 



Sea Level 



Birhet qI Qurun 
(-44) 




Approximate position of reclaiming da 



Medinet el Fayum 
( '13 ) 



JSaJLt 



Boping 



Horizontal Scale I : 150,000 



W 



kilometres 



Vertical Scale 1 : 18,750 i- 



500 



-' metres 



WOO 



Heights in metres approx. above Sea level. 



)MANT EL JEBEL IN THE NILE VALLEY THROUGH MEDINET EL FAYUM TO THE SUMMIT OF JEBEL EL QATRANI.NEAR WIDAN EL FARAS. 



Plate XXII. 



S.E. 



Birkat al Qupun 
(-44) 



Surface of the ancient 



Lake MoBrJB at 22 • 28 metraa above present Sea Level- 



Medinet el Fayum 
( 33 ) 



Apppoximate position of reolaiming dam 



T.Jli.> 



Boring 



(146) 



-.fiC£^ 



Sidmant 



Nile Valley 
(27) 



Sea Level, 



-■ kilometres 



10 



itres 



Heights in metres approx. above Sea level. 



RECENT -PLEISTOCENE.- 



PLIOCENE (OR PLEISTOCENE?). 
OLIQOCENE TO | 



UPPER EOCENE 



MIDDLE EOCENE 



Fluvio-marine Series. 



Qasr al Sagha Series 
Birkat el Qurun Series 
Ravine Beds 



a. Alluvial olays, sands, and loams of Nile Valley and Fayum. 

^ b. Ancient olays of Lake Moaris. 

1. Terraoe gravel and conglomerate. 

5. Sandstones with silicified wood, oalaareous- grits, &o. >.^t "X \ 
8. Basalt sheet, interbedded and oon tern por an ecus. 

^4. Variegated sands, sandstones, clays and impure limestonas.oalaareous- grits, &o. 
with much silioified wood and vertebrate remains, especially near base. 

6. Alternating limestones, marls, olays, sands and sandstones, with bone -beds. 

6. Sandstones, sandy otays, sandy limestones and marts. 

7. Marly otays, marls, and marly limestones. - : • * 



N.W. 



MIDDLE EOCENE ESCARPMENT NEAR QASR EL SAG 



Summit of Middle Eocene Formation 



Metres 160 



140 



120 



100 
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Sea Level 



1 • 




The beds of this Section, about 166 metres in thickness, constitute the Qasr el Sagha Series 
and are almost the equivalent of the Upper MoUattam Series of Cairo. 

Beds 1-22 were measured 3 kilometres north-east of Qasr el Sagha, the remainder in the 
neighbourhood of the ruin itself. 



Sea Level 



MIDDLE EOCENE ESCARPMENT NEAR QASR EL SAGHA 



Plate XXIII 



S.E. 



Hard white limestone with numerous shell-casts and echinids (Echinolampas Crameri). 

False-bedded sand and sand-rock with grey and green clays, and concfetions and bands of ironstone. 

Ferruginous sandstone. Pterosphenus. 

Hard calcareous and ferruginous clayey sandstone with brown ironstone concretions. 

Occasional fish-spines. Clays with massive veins of gypsum forming a stockwork. 

Hard gypseous sandy limestone. 

Sandy glauccnitic clays with gypsum ; oyster bed at base in places 

Friable limestone full of Carolia plaeunoides, Exogyra Fraasi. Ostrea Reili and 

Qerunia (Hydractinial cornuta. 

Purplish clays interbedded with ash-grey sands, with both ferrugmous and highly carbonaceous bands 

with plant remains. Vertebrate remains include Moeritherium Lyonsi, Eosiren libyca, Zeuglodon Osiris, 

Psephophorus eocenus, Stereogenys Cromeri, Tomistoma africanum 

Hard grey concretionary sandstone. 

Sandy clays and sand-rock, occasional crocodile and fish remains. 

Hard ripple-marked sandstones- 

False-bedded sandstones with clay partings; lignitic bands with lumps of pure charcoal occur, 

Sandy limestone with Carolia, Turritella, etc. 

Gypseous clays. 

Limestone and calcareous sandstone with sharks teeth. Cardita fajumensis 

Trachelochetus bituberculatus. Turritella earinifera. 

Slate blue and brown sandy gypseous clays with Moris niiotica, Exogyra Fraasi. 

Sandstone and sand rock. 

Friable limestone with Mesalia fasciata, M. cxycrepis, Turritella pharaoriea. Alectryonia Clot Bey. 

Ostrea Reili. 



Qasr el Sagha 



19. 
20. 
21. 
22. 
23, 
24. 
25. 

26 
27- 
28. 
29. 
30. 




Sands, sandy clays and clays with a double band of limestone ; Astrohelia simitts, Alectryonia Clot Beyi. 

Luoina fortisiana; numerous vertebrate remains including Moeritheriuni Lyon?!, M. graciie. Barythenum 

grave. Eosiren libyca. Zeuglodon Osins Gigantophis Garstini. Pterosphenus Sch weinfurthi. Stereogenys 

Cromeri, Crocodilia and Siluroid remains 

Brown sandy limestone with Lanistes antiquus, Alectryonia Clot Beyi, Cardmm Sf^h weinfurthi. Exogyra 

Fraasi, Macrosolen Hollowaysi, etc. Clsiys 

Limestone with numerous Carolia plaeunoides and Turritella imbricataria. 

Greyish-blue and brown ferruginous sandy clays and clays. 

Friable shelly limestone vvith calcite veins 

Clays. 

Hard yellow sandy limestone with OstroH. 

Clays with thin bands of fibrous gypsum. 

Hard shelly limestone wah numerous fossils including Turritella earinifera. T imbricataria. Alectryonia 

Clot Beyi, Cardita fajumensis. Exogyra Fraasi, Euspatangus Cairensis, Qerunia (Hydractinial cornuta. 

Gypseous clays. 

Friable limestone, gypseous, with Exog> ra Fraasi, Alectryonia Clot Beyi, Carolm plaeunoides. 

Sandy clays. 

Friable sandy limestone v.ith Carolia plaeunoides, Exogyra Fraasi 

Gypseous clays. Oyster nmestone with Qerunia cornuta. 

Brown gypseous clays. Ferruginous sandstone bands. Sandy clays with gypseous partings. 



Lacustrine sands and clays with freshwater shells and fish remains (Recent) 



^.^.■.^.. .^.■.. ■ ^.^..j^i:.^.- .,^^^^^. Grey sandstone forming top 

of Birket el Qurun Series 



N. 



FROM GARAT EL ESH TO THE SUMMIT OF JEBEL EL QATRANI. 



JEBEL El. QATRANI 
(330) 



Basalt Escarpment 
(310) 



Isolated Hill. 



Hill overloolunfl Bonp Pits 
(240) 




Horizontal Scale 



SOO tOaO ^metres 

Vertical Scale approximately three and a third times the horizontal. 

Heights in Metres above Sea Level. 



PLIOCENE(oi!PLEISTOCENE?) n. Gravel Ten-ace. 

UPPER EOCENE -OLIGOCENE b, FluvioiTiarineSei-.es 

MIDDLE EOCENE o. Qasr el Sagha Series 

The numbered strata refer to the description of tlie section in the text. 




OM GARAT EL ESH TO THE SUMNfl-IT OF JEBEL EL QATRANI. 



Plate XXIV. 



s. 



Hill overlooking^ Bond ■ Pits 
1240) 



Summit of Upper Cliff 
of Middle Eocene 



GARAT EL ESH 

(150) 




section in tfie text. 
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Topographical Maps of the following Provinces, showing villages and Markaz boundaries and all 
water courses, published on scale jjsItsu- 
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Provinoe Maps. 
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Maps of Eg^ypt. 
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Mersa Matruh and Bas AUam Bum . . 2 „ 

Lower Egypt and the Fayflm, 1904 1 -, 
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To-wn Maps. * 

Cairo and Environs, in English 4 sheets, scale 

1« 

Mit-Ghamr, in English and Arabic ^ » 

ManBura, „ « ... - 16 " 

an 

Suez, M » ' " 

Shebin-el-Kom, French and Arabic ' ■ • • 2 „ 

Damanhur, „ » .. -. * » 

Mehalla-el-Kobra, „ » 4 „ 
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A Report upon the Basin of the Upper Nile with proposals for the improvement of that river, 1904 . . 

Irrigation Report for the year 1884 , 

Report on the Administration of the Irrigation Department, for the years 1891, 1895, 1896 and 
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Report upon the Administration of Public Works Department, for the years 1899 and 1900. . Each 
Report upon the Administration of Public Works Department, for the years 1901, 1902 and 1903 . . 

Note on the Irrigation Works of Egypt and the improvements to be made to them, 1884 

Report on drainage and pumping stations in Holland, 1897 

The Egyptian Canal Act 1890 

Note on the Nile Flood for 1887 

Note on the Wadi Rayan Project, 1889 . . • 

Note on the prevention of Sharaqi Lauds in Egypt, 1889 

Note on the Nile Barrage, 1890 / % 

Nile Reservoir Reports, 1891 

Nile Reservoirs Appendices, 1892 

Perennial Irrigation and Flood protection for Egypt, 1894 

Report of the Technical Commission on Reservoirs, 1894 

Note on the Sudan, 1899 

Note on the Prospects of the Nile Summer supply in 1900 

The Delta Barrage, 1902 

Report on the Irrigation of the Valley of the River Po (Northern Italy), 1902 

Report on Siwa Oasis, 1900 
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An Almanac for the year 1905, English or Arabic edition 

Geological Reports. 

Report on the Phosphate Deposits of Egypt (2nd Ed.) 1904 

Geological and Topographical Report on Kharga Oasis, 1899 

„ „ „ FaraiTaX)asis, 1899 

., „ „ Dakhla Oasis, 1900 

„ „ „ Baharia Oasis, 1903 

Report on the Jebel Garra and the Oasis of Kurkur, 1902 

Report of the Cretaceous Region of Abu Roash, near Cairo, 1902 

Report on the Topography and Geology of the Eastern Desert, 1903 

Note on the Arsinoitherium Zitteli from the Upper Eocene Strata of Egypt, 1902 

Note on some New Fossil Mammals, 1902 

A preliminary notice of a Land Tortoise from the Upper Eocene of the Fayum, 1903 
A preliminary investigation of the Soil and Water of the Fayum Province, 1902. . 

Report on the Disintegration of Building Stones in Egypt, 1902 

A Report on the Soil and Water of Wadi Tumilat, 1903 
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Meteorological Reports. 

Annual Meteorological Report for 1898-1899, 1900, 1901, 1902 and 1903 Each 

Monthly Meteorological Observations (in monthly sheets), at Port-Said, Alexandria, Abbassia (Cairo), 
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The Rains of the Nile Basin in 1904 
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